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“MYSOLINE” raises 
the convulsive threshold 
in grand mal 


and psychomotor attacks 


““MYSOLINE;’ employed alone or in combination with other med- 
ication, controlled or markedly improved 73 per cent of 45 
patients with major motor seizures. In each instance, the previ- 
ous medication had proved to be ineffective.! 


““MYsoLineE,” when used as initial therapy in a series of 97 grand 
mal patients, controlled seizures in 57 per cent of the patients; 
an additional 22 per cent were improved.” 


“, .. after the proper dose was established, ‘Mysoline’ was well 
tolerated without [serious] side effects.’’3 
1. Doyle, P. J., and Livingston, S.: J. Pediat. 43:413 (Oct.) 1953. 


2. Livingston, S., and Petersen, D.: To be published. 
3. Pence, L. M.: Texas State J. Med. 50:290 (May) 1954. 


LITERATURE ON REQUEST 


Supplied: Tablets, 0.25 Gm. Bottles of 100 and 1,000. 
Suspension, 0.25 Gm. per 5 cc. (teaspoonful). Bottles of 
8 fluidounces. 


“MYSOLINE: 


Brand of Primidone 


in epilepsy 


@ AYERST LABORATORIES + New York, N. Y. + Montreal, Canada 


Ayerst Laboratories make “‘Mysoline” available in the United States 
3635 by arrangement with Imperial Chemical (Pharmaceuticals) Limited. 
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FOR Authors 


Neurotocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy) 
should be sent to Dr. Russell N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neurotocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are ‘contributed solely to 
Nevuro.ocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. Illustrations should be drawn in 
India ink on white paper with clear lettering. 
Photographs should be glossy prints. Tables 
should be typed on separate sheets. The title 
of the article, name of author, and number of 
figure should be placed on the back of every 
illustration, and the top should be designated. 
Legends for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. FRANKLIN, C. R., and 
Brickner, R. M.: Vasospasm associated with 
multiple sclerosis. Arch, Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wercuster, I. S.: 
A Textbook of Clinical Neurology, ed. 3. Phila- 
delphia, W. B. Saunders Company, 1935, pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
prompt correction. There will be no charge 
for corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley proof. 
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Basic therapy includes COGENTIN— by far the most 
effective single agent for all types of parkinsonism. 
With COGENTIN the parkinsonian patient can be 
offered freedom from tremor and rigidity through 
judicious combination therapy. The powerful anti- 
spasmodic action of COGENTIN helps correct mus- 
cle spasm, frozen states and posture.! 


“Benztropine [COGENTIN|] was found to exert a highly 
selective action against certain symptoms of parkin- 
sonism such as no other current drug affords.... 
Because of its safety and high efficacy and the 
absence of increased tolerance, its administration 
should be added to the treatment program of every 
patient with paralysis agitans...."’ 2 


1. J.A.M.A. 156:680, 1954. 2. J.A.M.A. 162:1031, 1956. 
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made Model Ill internationally famous. 
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(1) minimal injection pain; 

(2) no tissue necrosis at the injection site; 
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(4) no need for reconstitution before injection. 


Professional literature available upon request. 
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withdrawn, apathetic patients 
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Nondisturbed Psychotic Patients 


Improved with “Thorazine’ Therapy 
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agitated and hyperactive patients, Rockmore 

et al.’ reported— 
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Cranial Bruit Associated with Occlusion 


of the Internal Carotid Artery 


C. M. Fisher, M.D. 


IN THIS BRIEF PAPER attention is drawn 
to the occurrence of an intracranial bruit 
in some cases of occlusion of the internal 
carotid artery. A remarkable feature of 
this cranial murmur is that it is heard on 
the side opposite the occlusion, that is, 
on the side of the patent carotid artery. 
From its location, one must assume that 
the bruit arises in the carotid artery and 
probably reflects the increased speed 
with which the blood must flow in order 
to supply its normal territory as well as 
a portion of the opposite hemisphere. 
The presence of this murmur can be of 
great help in substantiating the diagno- 
sis of disease of the internal carotid ar- 
tery. Furthermore, some head noises 
whose nature has previously remained 
obscure will now find an explanation, 
and a ready solution is provided for the 
heretofore puzzling cases in which hemi- 
plegia has been associated with an ipsi- 
lateral cranial bruit. 

Two cases of cranial bruit following 
occlusion of the carotid artery were 


briefly referred to in a previous paper.’ 
Mackenzie,” in an excellent study of in- 
tracranial bruits, mentioned one case in 
which a bruit was heard on the side op- 
posite a surgically-ligated carotid artery, 
and another case in which carotid arteri- 
ography on the side of a bruit resulted 
in filling of the middle and anterior cere- 
bral arteries bilaterally, presumably due 
to occlusion of the opposite internal ca- 
rotid artery. He, too, attributed the mur- 
mur to an increased flow of blood in the 
remaining carotid system. More recent- 
ly, Barnett* has pointed out that careful 
auscultation of the head in occlusion of 
the carotid artery not infrequently leads 
to the discovery of a bruit. Since first 
noticing the association several years 
ago, we have observed it on many occa- 
sions. 

Before presenting illustrative exam- 
ples, it might be said that auscultation 
of the skull is a procedure which is used 
neither frequently enough nor with suf- 
ficient care in clinical medicine. Bruits 


From the neurologic service, Massachusetts General Hospital, and the department of neurology and 
neuropathology, Harvard Medical School, Boston, Massachusetts. 
Supported in part by United States Public Health Service, grant B-731. 
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are most likely to be heard when a bell 
type of stethoscope is used, and auscul- 
tation is particularly rewarding when 
carried out over the eyeball. However, 
when the bell of the stethoscope is ap- 
plied lightly to the eyeball in alert pa- 
tients, vigorous reflex blinking may cause 
so much adventitious noise that faint 
vascular sounds are obscured. To over- 
come this, the patient is asked to open 
his eyes after the stethoscope is in place; 
blinking then becomes greatly reduced, 
while the stethoscope passively holds 
shut the lid to which it is applied. At 
the same time the patient fixes his gaze 
on some object to prevent random extra- 
ocular movements and holds his breath 
lest respiratory sounds interfere with 
auscultation. When the bruit is louder, 
it may also be heard anywhere on the 
surface of the skull, particularly in the 
frontal regions and at the temples. In 
auscultating the head and neck, it is 
sound practice to listen also over the 
mastoid processes, over the atlanto- 
occipital regions, and also at the bifur- 
cation of the common carotid artery in 
the neck, in order to appreciate faint 
subjective sounds, Still* recommended 
that the examiner apply his own ear di- 
rectly and accurately to the patient's ear 
on the side to which the noise is local- 
ized. The same author also suggested 
that auscultation be carried out by plac- 
ing the ear pieces of a stethoscope in the 
patient’s ears and connecting the tubes 
to one’s own ear pieces. Neither of these 
maneuvers has proved helpful to the 
author in the detection of bruits. 


CASE HISTORIES 


Case 1. A very obese woman aged 46 was 
admitted with a left hemiplegia of five weeks’ 
duration. At the time of the onset of her pa- 
ralysis, she had turned suddenly to pick some- 
thing up, became very dizzy, and noted blurred 
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vision and a severe bilateral pounding temporal 
headache, worse on the right side. Five hours 
later she collapsed with a severe left hemiple- 
gia involving face, arm, and leg, which persist- 
ed to the time of admission. For two years she 
had been dyspneic on exertion and for ten 
years she had been subject to spells in which 
she became dizzy, had flashing scotomata for 
ten minutes or so, and had a strange sensation 
in her “stomach.” Her blood pressure had 
been elevated for several years. For two years 
she had noted a throbbing in the back of her 
neck or within the cranium, especially when 
lying quietly. 

On examination the left arm and leg were 
almost immobile. The patient was peculiarly 
euphoric and laughed on the slightest provoca- 
tion. A Horner’s syndrome, said to have dated 
from birth, was present on the right side. The 
blood pressure was 140/80. A systolic bruit 
could be heard over the left side of the head, 
particularly over the left eyeball and around 
the left ear. It ceased on compression of the 
left common carotid artery. Pulsation in the 
right internal carotid artery was diminished or 
absent. A clinical diagnosis of internal carotid 
artery obstruction was substantiated by arteri- 
ography; the right internal carotid artery was 
occluded in the region of the carotid sinus, and 
injection of the left carotid resulted in filling of 
the cerebral arteries of both hemispheres (fig- 
ure 1— parts 1 and 3). 

Comment. In this case there can be 
no doubt that the internal carotid artery 
on the side opposite the bruit was oc- 
cluded. The patient had probably been 
aware of the bruit. A puzzling clinical 
problem was easily resolved when the 
cranial murmur was interpreted cor- 
rectly. 

Case 2. A diabetic women aged 62 was ad- 
mitted to the hospital because of episodes of 
staggering to the right, dysarthria, and emo- 
tional instability, all of which had occurred 
during the previous month. There had been no 
dizziness. For about ten months she had heard 
in her right ear a swish synchronous with the 
pulse. On examination she was extremely 
obese. The blood pressure was 160/80. There 
was a slight right lower facial weakness, but 
otherwise the neurologic examination was nor- 
mal, A systolic “shsh” was heard over the right 
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Internal corotid stem 


internal carotid artery 
blocked here 


Fic. 1. (1) Case 1. Drawing of the left carotid 
arteriogram showing excellent filling of the arteries 
of both hemispheres. (2) Case 2. Diagram of the 
form of the circle of Willis at autopsy. (3) 
Case 1. Right carotid arteriogram showing a block 
at the level of the carotid sinus. 


eye and in the right temporal area. It was 
abolished by pressure on the common carotid 
artery in the neck. 

Right carotid arteriography was carried out; 
after the second injection of 20 cc. of Diodrast, 
the patient lost consciousness. Fortunately she 
could be resuscitated and had no residual 
signs, except slight smallness of the right pupil. 
Further arteriography was not attempted. Later 
a negative exploratory craniotomy was under- 
taken, and on recovering from the anesthesia 
the patient was found to have severe right 
hemiplegia and aphasia, from which there was 
very poor recovery. Death occurred in a nurs- 
ing home two months after hospital discharge. 

Pathologic study showed a well organized 
thrombus in the left internal carotid artery, 
extending from the carotid sinus to the stem 
of the artery adjacent to the anterior clinoid 
process. The right internal carotid artery was 
patent throughout its entire length and no sig- 
nificant atherosclerotic narrowings were seen. 
The anterior communicating artery was large 
enough to transmit considerable blood and the 
stems of the anterior cerebral arteries were 
large (figure 1 — part 2). 
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Comment. Since the occlusion of the 
left internal carotid artery was well 
organized and therefore fairly old, it 
probably was the cause of the patient's 
initial symptoms. The full hemiplegia 
developed as a result of hypotension 
during operation. The clinical picture 
in this case again illustrates the paradox 
of a hemiplegia in association with an 
ipsilateral cranial bruit. 

Case 3. A 69 year old woman had noted 
the onset of a severe pounding bifrontal head- 
ache ten days before admission. This head- 
ache, which lasted seven days, interfered with 
sleep and medication gave but little relief. 
The whole head was filled with an intolerable 
throbbing, gushing sound “like a huge river 
running.” All of this had diminished gradu- 
ally when two days before admission, while 
using a sewing machine, the patient suddenly 
developed weakness of the right leg which 
lasted about half an hour. The next day the 
right leg was so weak on awakening in the 
morning that walking was difficult. The past 
history was negative, except for a_ radical 
mastectomy which had been carried out eight 
years before because of carcinoma of the 
breast. 

On admission the only abnormal neurologic 
findings were an unsteady shuffling gait and 
mild weakness of the right lower extremity. 
The blood pressure was 130/100 and the car- 
diac rhythm was normal sinus in type. Dur- 
ing the first week in the hospital the right leg 
became gradually weaker, followed by increas- 
ing weakness of the right arm and later the left 
leg. Apraxia of the limbs and trunk was also 
noted. Finally, with further progression of the 
paralysis of the right leg and arm, it was sus- 
pected that secondary carcinoma of the brain 
was present. 

However, discrepant findings were the lack 
of pulsation of the left internal carotid artery 
in the neck, and the presence of a systolic bruit 
over the eyeball on the right side. A soft sys- 
tolic bruit was present at the right common 
carotid bifurcation and an even louder systolic 
bruit was heard at the left common carotid 
bifurcation. The latter was not transmitted 
from the neck to the eyeball and was influ- 
enced by the position of the neck, being ex- 
aggerated on extending and rotating the neck, 
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whereas the right-sided bruit was not altered 
by these maneuvers. The central retinal artery 
pressure was judged to be equally low bilat- 
erally. Dicumarol therapy was started and no 
further worsening occurred in the clinical symp- 
tomatology. Within ten days the right hand 
and left leg had begun to improve. When the 
patient was seen five weeks later, the bruit 
was still audible. 


Comment. In this case a severe head- 
ache and a gushing noise had preceded 
the gradual onset of a stroke. The diag- 
nosis of carotid occlusion was fairly 
secure, although it was made only clin- 
ically. 


Case 4. A man aged 52 had suddenly de- 
veloped weakness of the left arm three and a 
half months before admission to the hospital. 
The weakness had diminished, but several 
times each week since that time he had noted 
intermittent attacks of numbness of the left 
face and hand lasting a few minutes For sev- 
eral months episodes of partial blindness last- 
ing up to half an hour had been occurring in 
the right eye “like heat waves rising over a 
hot pavement.” Neurologic examination showed 
mild weakness of the left hand grip and slight 
sensory loss over the fingers of the left hand. 
The blood pressure was 150/100. Pulsation in 
the right internal carotid artery was dimin- 
ished. A systolic swish was heard over the left 
eyeball and a fainter one over the right. Both 
stopped when the left common carotid artery 
was compressed, A faint short systolic blow was 
also present over the bifurcation of the left 
common carotid artery. 

The patient was found to have a severe 
anemia (hemoglobin 7.0 gm., hematocrit 26), 
which proved to be the result of ulceration 
within a hiatus hernia. After one blood trans- 
fusion the bruit was definitely fainter at rest 
but could be evoked easily by mild exercise. 
After 2000 cc. of blood had been transfused 
the bruit was absent both at rest and after 
exertion. The pressure in the central retinal 
artery was the same in each eye. 


Comment. The association of fleeting 
attacks of monocular amblyopia and 
contralateral paresthesias, along with 
reduced pulsation in the appropriate 
internal carotid artery, pointed to oc- 
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clusion of the right carotid artery. The 
bruit was either totally or partially 
caused by anemia since it disappeared 
after blood transfusion. 

Case 5. An obese diabetic woman aged 67 
had had four transient attacks of right hemi- 
plegia and aphasia in a period of 24 hours. 
A further attack of paralysis the next day did 
not regress completely, and the patient was 
admitted to the hospital where she developed 
severe right hemiplegia and aphasia over a 
period of five days. There was no pulsation 
in the left internal carotid artery. Although 
the patient had never complained of any head 
noise, a faint but clear systolic bruit could be 
heard over the right eyeball About two months 
after onset of the stroke, the bruit no longer 
could be heard, and the patient had begun 
to complain of intermittent attacks of numb- 
ness of the left foot and hand lasting a few 
minutes One month later the murmur could 
be heard again. Arteriography was not carried 
out. 

Comment. The absence of carotid pul- 
sation in this case was so definite that 
a diagnosis of internal carotid occlusion 
can be assumed. The right-sided bruit 
apparently was not heard by the patient. 
Its cessation two months after the stroke 
and the onset at the same time of inter- 
mittent attacks of numbness on the left 
side of the body may not have been 
simply a coincidence. 


DISCUSSION 


In the case histories presented, which 
are fairly typical of our experience to 
date, several features of the cranial bruit 
emerge. As to the quality of the mur- 
mur, it usually takes the form of a brief 
systolic “shsh” sound, It is not a con- 
tinuous murmur with systolic accentua- 
tion. Almost invariably it is localized to 
one side and heard most readily over the 
corresponding eyeball, and often only 
there. In some cases it is very faint and 
careful auscultation is necessary to hear 
it. The patient himself may or may not 
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hear the noise, but when he does it is 
localized deep in the ipsilateral ear. It 
is not surprising that the patient is some- 
times unaware of the presence of the 
bruit, for it is not unusual in cases of 
arteriovenous fistula or angioma to find 
that even much louder sounds associated 
with these conditions are not heard by 
the patient. Positioning of the patient 
has little or no effect on the bruit, but 
exercise may augment and even evoke it 
when it is not otherwise audible. 

When a bruit is discovered, its rela- 
tionship to one or the other carotid ar- 
tery can be ascertained by noting wheth- 
er or not it ceases on compression of the 
ipsilateral common carotid artery. In 
some of the cases with an intracranial 
carotid bruit, a faint blow can also be 
heard over the internal carotid artery 
in the upper neck; whether this sound 
has been transmitted downward from a 
higher level in the carotid is not known, 
but this would appear to be improbable 
physically. In several cases suspected of 
carotid occlusion, a bruit has been heard 
only in the neck over the bifurcation of 
the patent carotid and not over the eye- 
ball. This promises to be an additional 
sign that the opposite carotid is occlud- 
ed, but postmortem or satisfactory ar- 
teriographic studies have not been made. 
One would anticipate that, if hemody- 
namic factors produced a bruit in the 
carotid intracranially, they might well 
do the same more proximally in the same 
vessel. An intracranial bruit is not heard 
in all cases of carotid occlusion; from 
an examination of many cases in which 
occlusion of the internal carotid artery 
is suspected and other cases in which 
one carotid artery has been ligated in 
the neck, it would appear that the mur- 
mur occurs in only a minority of cases. 
Furthermore, it may be heard at one 
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time and not at another, or may disap- 
pear after being present for weeks or 
months. 

The commonest cause of carotid oc- 
clusion is thrombosis associated with 
atherosclerosis, but embolism is by no 
means rare. Other causes of carotid ob- 
struction include surgical ligation, trau- 
ma to the neck or head, arteritis, cav- 
ernous sinusitis, and vascular disease of 
uncertain nature seen in early childhood. 

In the past, the clinical diagnosis of 
internal carotid artery occlusion has 
rested on several different elements in 
the history and physical examination: 
evidence of a cerebral deficit in the ter- 
ritory of the middle or anterior cerebral 
artery or of both; attacks of intermittent 
cerebral ischemia in which numbness 
or weakness of the opposite face, hand 
or leg, dysphasia, or a hemiaopia oc- 
curred; intermittent or persisting monoc- 
ular blindness; a partial Horner's syn- 
drome; loss of pulsation in the cervical 
or pharyngeal portion of the internal 
carotid artery; and reduced pressures in 
the central retinal artery of the ipsilat- 
eral eye. The discovery of an intracra- 
nial bruit in some cases is a further val- 
uable sign, but carotid arteriography 
still remains the only certain method of 
diagnosis. The presence of a bruit prob- 
ably differentiates a carotid occlusion 
from one of the middle cerebral arteries, 
two conditions which are otherwise often 
indistinguishable clinically. It is not 
uncommon to find that complete occlu- 
sion of the internal carotid artery is rela- 
tively or totally “silent” in that no neuro- 
logic deficit results, and in such cases a 
bruit may furnish the main diagnostic 
clue. 

There are, of course, many other 
causes of an intracranial bruit which 
must be kept in mind and differentiated 


ll 


304 


from carotid disease. Poppen® has re- 
cently listed these as follows: arterio- 
venous fistula, cerebral angioma, tumor 
of the glomus jugularis, angioma of the 
scalp, saccular aneurysm, vascular me- 
ningioma, arteriosclerotic plaques, com- 
pression of a major cerebral artery by 
a brain tumor, Paget's disease, a highly 
vascular thyroid gland, and coarctation 
of the aorta. In only the first four of 
these conditions is a bruit found with 
any reguarity, and the others can be 
regarded as rare, uncertain, or indefinite 
causes. The bruit associated with hyper- 
thyroidism may be related to enhanced 
cerebral blood flow rather than to in- 
creased vascularity of the thyroid gland. 
In the author's experience, a murmur has 
not been heard in Paget's disease of the 
skull, even in its most advanced form. 
Greenwood and McQuire® reported an 
intracranial bruit of undetermined origin 
in seven children with increased intra- 
cranial pressure. In all except two cases 
the sound was heard best over the pos- 
terior part of the skull. Mackenzie found 
a bruit in two cases of increased intra- 
cranial pressure, one due to a pinealo- 
ma, the other to sinus thrombosis. In 
early childhood a bruit is not infrequent. 
Although in some cases it is related to 
anemia, in the majority of instances no 
cause can be determined and the bruit 
disappears as the child grows older.‘ 
These arterial bruits are to be distin- 
guished from the “venous hums” so often 
heard in infants. 

The possibility should be considered 
that an intracranial bruit is due to an 
aortic valvular murmur being transmit- 
ted along the carotid artery. This is like- 
ly only if the bruit increases in intensity 
as one descends along the carotid to the 
arch of the aorta. Bruits over the cer- 
vical portion of the carotid arteries are 
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particularly difficult to interpret, and 
loud murmurs have been heard at the 
bifurcation of the common carotid artery 
in cases in which the internal carotid on 
the same side was entirely occluded. 
This kind of bruit is probably related 
to a relative narrowing at the origin of 
the external carotid artery and may be 
altered by changing the position of the 
neck (extension, flexion, and rotation), 
whereas the bruit under discussion has 
not been influenced by such maneuvers. 
A category for bruits of undetermined 
origin should be included, for it is not 
uncommon in neurologic practice to en- 
counter patients with the subjective 
complaint of a pulsating head noise, 
probably of arterial origin (not just the 
thud of the pulse), for which no expla- 
nation can be found despite careful 
study. However, routine examination of 
many patients on the general medical 
wards indicates that the presence of an 
incidental bruit (subjective or objective ) 
in neurologically healthy persons is a 
rarity. This is also true in most cases 
of degenerative vascular disease other 
than carotid occlusion. Many cases of 
vertebral artery disease have been care- 
fully examined, especially over the pos- 
terior aspect of the cranium, and no cra- 
nial bruit has been heard. It is possible 
that any murmur present is too faint or 
too deeply placed to be heard by the 
examiner, but the subjective presence of 
a bruit is also rare in vertebral-basilar 
disease. The absence of a bruit in these 
cases could be due to the small caliber 
of the vessels affected, or to the rather 
small amount of blood flow involved. 
In regard to the problem of the me- 
chanical factors which underlie the pro- 
duction of the bruit in cases of carotid 
occlusion, one can only speculate at 
present. Study of peripheral vascular 


|| 


CRANIAL BRUIT 


murmurs elsewhere in the body’ has 
shown that they are produced by intra- 
vascular turbulence which results from 
an unusually rapid blood flow, especially 
when the vascular lumen is narrowed. 
The sound arises from the vessel wall 
which is set in motion by the turbulence. 
Bruits are so often heard only in systole 
because the quickened flow in that 
phase is necessary for their production. 
Weber® concluded that a vascular mur- 
mur could not arise in a vessel less than 
2 mm. in diameter and that the mini- 
mum velocity of blood flow was approx- 
imately 20 cm. per second. 

In the case of carotid occlusion, it is 
suspected that the intracranial bruit re- 
flects the increased speed of blood flow 
through the patent internal carotid ar- 
tery, which carries blood not only for 
the ipsilateral cerebral hemisphere but 
also for the opposite side as well. Pos- 
sibly the tortuosity of the intracranial 
portion of the internal carotid artery is 
a factor by predisposing to the develop- 
ment of turbulence. If speed of flow 
were the main or sole cause, one might 
expect a bruit to appear in association 
with anemias sufficiently severe to raise 
the circulatory rate above a certain crit- 
ical level. It is of interest in this regard 
that Roger, in his monograph, conclud- 
ed that cranial auscultation was useless 
in the diagnosis of cerebral disease in 
children and that the principal cause of 
an intracranial murmur was severe ane- 
mia. Mackenzie referred to McCardle’s 
observation that an ocular bruit could 
be due solely to a severe anemia. The 
author has examined several adults with- 
out neurologic disease with hemoglobin 
levels of about 5.0 gm. per 100 ml. and 
has failed to hear a bruit with the pa- 
tient lying in bed. The effect of anemia 
in the production of a bruit became an 
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important consideration in case 5, for 
after the transfusion of 1000 ml. of blood 
the bruit was elicited only after exercise. 
As the hemoglobin level rose higher the 
bruit disappeared entirely. The combina- 
tion of carotid occlusion and a reversible 
bruit associated with anemia must be a 
great rarity. 

The reason for the occurrence of a 
bruit in one case of carotid occlusion 
and not in another is far from clear. 
There must, of course, be innumerable 
variations in the pattern of cerebral 
blood flow which becomes established 
after carotid obstruction. The form of 
the anterior and posterior parts of the 
circle of Willis, the availability of sub- 
arachnoid interarterial anastomoses, and 
the presence of disease in other cerebral 
arteries all will have an effect. In two 
cases in which the common carotid ar- 
tery was ligated in the neck in the treat- 
ment of saccular aneurysm and in which 
no bruit appeared postoperatively, the 
circle of Willis as determined from the 
arteriogram was so patterned that a 
small vestigial anterior cerebral artery 
stem on the side of the ligation prevent- 
ed any great shift of blood flow from 
one carotid system to the other, and 
therefore no significant increase of the 
circulation in the patent carotid artery 
was to be anticipated. On the basis of 
this finding, coupled with the arterio- 
graphic picture in case 1 in which the 
arteries of both hemispheres filled from 
one side, it was speculated that a bruit 
might be expected only if the anterior 
portion of the circle of Willis was so 
constructed that the remaining patent 
carotid could readily supply both hemi- 
spheres and thus convey greatly in- 
creased quantities of blood at a faster 
speed. This probably would not account 
for the relative infrequency of a bruit 
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in carotid occlusion, and other factors 
no doubt are operative. One might sus- 
pect that an atherosclerotic plaque with- 
in the patent carotid artery was respon- 
sible for narrowing of the lumen and the 
production of a bruit, but in case 1 a 
plaque of unusual size was not found 
at autopsy. 

Increased rate of flow through a nar- 
row anterior communicating artery is 
another possible cause for the bruit, but 
if that were the case the bruit would 
not be heard so predominantly on one 
side. Moreover, the anterior communi- 
cating artery would not often be 2 mm. 
in diameter, the minimal size for the pro- 
duction of a bruit according to Weber. 
A bruit was not heard in one case of 
carotid occlusion in which the ophthal- 
mic artery on the side of the occlusion 
carried sufficient collateral flow from the 
external carotid system to fill the middle 
cerebral artery on the arteriogram. The 
occurrence of a bruit has not been clear- 
ly related to changes in the pressure of 
the central retinal artery in the contra- 
lateral eye as determined by digital com- 
pression. 

Thus far, there has not been an oppor- 
tunity to study the effect on the bruit 
of a transient cerebral ischemic attack. 
In this regard, it is to be anticipated that, 
when the physical basis for the bruit is 
understood, useful clues concerning the 
dynamics of the cerebral circulation will 
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be provided. Attention might be drawn 
here to case 1, in which severe hemi- 
plegia had occurred despite an appar- 
ently adequate flow of blood from the 
patent carotid vessel across the midline 
to the opposite side. There arises then 
the important question as to the reason 
for cerebral infarction if the collateral 
flow was as good as the arteriogram por- 
trayed. The inability to provide an an- 
swer underscores our limited knowledge 
of hemodynamic disturbances of the cir- 
culation underlying the development of 
a stroke. 


SUMMARY 


The occurrence of an intracranial sys- 
tolic bruit in some cases of occlusion of 
the internal carotid artery has been de- 
scribed. It is present on the side of the 
“good” artery, that is, the carotid which 
remains patent, and is heard most readi- 
ly by listening over the eyeball. It is 
a useful additional sign in the clinical 
diagnosis of carotid artery disease and 
explains the paradoxical situation in 
which in some hemiplegic patients an 
intracranial bruit can be heard on the 
same side as the paralysis. Furthermore, 
some head noises heretofore unexplained 
will find their solution. The bruit is 
probably due to increased speed of flow 
in the patent carotid artery. This type 
of murmur must be differentiated from 
other causes of intracranial bruit. 
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Gowers Local Panatrophy 


Its Relation to Certain Types of Insulin Lipodystrophy 


Kenneth R. Magee, M.D.* and MacDonald Critchley, M.D., F.R.C.P. 


IN HIS TEXTBOOK of neurology (1886) 
and in a subsequent paper (1903), Sir 
William Gowers reported a case of “local 
panatrophy” occurring in a 33 year old 
woman.'? Gowers’ patient was described 
in much greater detail in a subsequent 
paper by Barnes.* The patient showed 
wasting of all subcutaneous _ tissues 
“down to the bone” in various areas 
on the trunk, limb, and face. The wasted 
areas varied considerably in dimensions, 
from “the size of a nut to an orange.” 
The skin was thin and slightly discolored 
over the atrophic areas. The bones were 
not involved. The larger areas of wast- 
ing also involved the muscles. Barnes 
emphasized that the wasting of muscle 
tissue corresponded directly to areas of 
atrophic skin as though by a “punching 
out process,” so that only part of the 
muscle was affected. The muscles re- 
ported to be involved included on the 
left the deltoid, supraspinatus, infraspi- 
natus, rhomboid, and erector spinae mus- 
cles, and on the right the second dorsal 
interosseus, lumbrical, and erector spinae 
muscles. The electrical irritability of the 
involved muscles remained normal. It 
was emphasized that the patches of atro- 


phy were very distinct and the line of 
junction between healthy and diseased 
tissue was abrupt. Barnes stated that 
the subcutaneous tissue immediately sur- 
rounding an involved area seemed un- 
usually lobular when rolled under the 
finger, but he thought this might be due 
to the finer details of the adjacent tissue 
being palpable in areas of wasting. 

This disorder has received very little 
attention. Oppenheim suggested that it 
was probably a form of scleroderma and 
that it might also in many respects be 
similar to facial hemiatrophy.* Wilson’s 
textbook of neurology briefly discusses 
and illustrates a patient with local pan- 
atrophy.® 

In contrast to local panatrophy, lipo- 
dystrophy resulting from other causes 
has received more attention. In particu- 
lar, the lipodystrophy resulting from in- 
jection of insulin in diabetic patients has 
been described by numerous authors. 
Localized lipodystrophy has also been 
reported following injection of substances 
other than insulin, including grass pollen 
and pituitrin.®’ Localized atrophy of 
the subcutaneous fat has also been re- 
ported after a jelly-fish sting.® 
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Despite the frequency of so-called 
insulin lipodystrophy following the in- 
jection of insulin into a particular area 
of the body, extremely few cases have 
been reported where the wasting of sub- 
cutaneous tissue occurred at a site far 
distant from that used for the injection. 
This was mentioned by Boller, whose 
case was later reported in detail by 
Stransky, in which a 29 year old dia- 
betic developed subcutaneous tissue at- 
rophy in the right cheek, in addition to 
atrophy at the site of injections.*."° Mar- 
ble and Smith have reported two cases 
of distant wasting in diabetics.‘' One 
occurred in the submental region of a 
nine year old boy and the other in the 
right cheek of a 64 year old woman. 
These authors did not regard their cases 
as well authenticated and suggested the 
possibility of some unknown cause other 
than insulin as being responsible for the 
disappearance of fat. Marble and Smith 
also mention that no patient in their 
large series of insulin atrophies had dam- 
age to tissue other than subcutaneous 
fat. 

It is the purpose of this paper to pre- 
sent two case reports, one illustrating 
Gowers’ “local panatrophy” and the other 
illustrating an example of atrophy occur- 
ring at a site distant to the site used for 
injection of insulin in a diabetic. An 
attempt will be made to consider if any 
interrelationship exists between the dis- 
orders and to present the findings on 
muscle biopsy in the second case. 

Case 1. A 38 year old white female was ad- 
mitted to the National Hospital, Queen Square, 
in June 1931. The patient was in good health 
until June 1930 when a friend commented on 
a peculiar patch of wasting on the upper por- 
tion of her left arm. Initially this wasting was 
very slight, but after three weeks it had in- 
creased appreciably. The wasting was not asso- 
ciated with any subjective sensory disturbance. 
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At about this time the patient also noted an- 
other area of hollowing in the left outer glu- 
teal region. In September 1930 the patient 
noted that the left shoulder ached when she 
held her arms above her head. This aching sen- 
sation disappeared when the limb was lowered. 
She also noted that she tired more easily walk- 
ing and that the left thigh ached on its outer 
aspect after exertion. Rest completely relieved 
the aching. Since December 1930 the patient 
had noted similar areas of localized wasting in 
the outer aspect of the right upper arm in a 
similar position to that which first appeared in 
the left shoulder, on the outer aspect of the 
right thigh, and three patches of wasting on the 
inner aspect of the left thigh. Aching and weak- 
ness in both lower extremities, precipitated by 
exertion and relieved by rest, persisted to the 
time of the patient’s admission. 

The past history was noncontributory with 
reference to the present illness. Moderate deaf- 
ness had been noted for many years. There was 
no family history of nervous or mental disease 
or disorder similar to the patient’s. 

Examination. Examination of the mental 
status and cranial nerve function showed no 
abnormality. Sensory examination was normal; 
in particular, there was no sensory alteration 
over the patches of wasting. The deep tendon 
reflexes were normal. There were no pathologic 
reflexes and no signs of meningeal irritation. 
There was slight wasting of the musculature 
at the site of localized patches of wasting of 
the subcutaneous tissue in the upper and lower 
extremities. This was most obvious at the lower 
border of the left deltoid where there was a 
large hollow separating that muscle from the 
triceps and in the posterior and inner aspect of 
the left thigh. Muscle strength, tone, coordina- 
tion, gait, and station were within normal lim- 
its except for some slight weakness of exten- 
sion of the elbow bilaterally. 

The general physical examination was nor- 
mal except for the areas of wasting. In each 
area the skin was wrinkled and seemed attached 
to the underlying musculature, and there was 
a strictly localized atrophy of subcutaneous 
tissue. 

1. Left upper extremity. There was a large 
deep tunnel-shaped area on the outer aspect of 
the upper arm between the deltoid and the 
triceps. Underlying bone between the lower 
attachments of the deltoid and upper origin of 
the triceps was easily paly ated beneath the skin. 
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2. Right upper extremity. A small but sym- 
metrically placed area of wasting was present 
on the outer aspect of the right arm at the 
lower border of the deltoid muscle. The under- 
lying bone was not palpable. 

3. Left lower extremity. An oblique area of 
wasting was present on the antero-internal as- 
pect of the thigh, commencing above the region 
of the saphenous opening and extending below 
to the region of the upper end of Hunter’s 
canal. The great saphenous vein was palpable 
throughout the area of wasting. Another large 
area was present on the posterior aspects of the 
thigh just below the gluteal fold. Tendons of 
the underlying hamstring muscles were easily 
felt. There was a similar area of less marked 
atrophy present immediately above this large 
area. The large area extended on to the outer 
aspect of the thigh. 

4. Right lower extremity. There was one 
small area of early atrophy beginning in the 
outer aspect of the thigh in its middle third. 
There was no wasting on the right side corres- 
ponding to that occupying the upper course of 
the saphenous vein on the left side. 

There was a similar but smaller and less ad- 
vanced area of wasting in the posterior aspect 
of the right thigh below the gluteal fold. It 
was noticed that in both limbs the wasting was 
more advanced in the left side of the body. 

Case 2. A 62 year old white female devel- 
oped multiple benign nodules in her thyroid 
in January 1954, which produced some dysp- 
nea. There were no symptoms suggesting thy- 
rotoxicosis. In February 1954 a thyroidectomy 
was performed. A tracheotomy was performed 
at the time of operation and utilized for four 
weeks. Glycosuria was found immediately be- 


Fic. 1, The area of subcutaneous 
wasting in the right upper ex- 
tremity may be seen. A similar 
area was present on the left. 
Fic. 2. The area of subcutaneous 
wasting in both upper thighs. 
The wrinkled skin is evident over 
the wasted areas, as is an ap- 
parent increase in the amount of 
beut tissue adj t to 


the wasted area on the medial 
side. 
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fore surgery and a glucose tolerance test result- 
ed in the diagnosis of diabetes. The patient 
had had no diabetic symptoms. When the pa- 
tient was discharged from the hospital, she was 
under dietary management and also received 
40 units of N.P.H. insulin daily. She had had 
no reactions and her diabetes was under good 
contrel. In March 1954 the patient developed 
symptoms of hypoparathyroidism which were 
treated promptly and disappeared. 

In July 1954 the patient first noted that the 
upper portion of her right lower extremity was 
weaker than the left and was wasting. Within 
a month or two she also noted that the upper 
portion of her right arm was beginning to waste 
and that she was having difficulty raising her 
arms above her head. In December 1954 the 
patient noted a similar wasting and weakness 
in the left upper thigh, so that by the time of 
admission to the National Institutes of Health 
she had symmetric atrophy and weakness of 
the upper arms and upper thighs which was 
a little worse on the right. She noted no asso- 
ciated sensory symptoms or distal weakness. 
Her motor complaints consisted of difficulty in 
climbing stairs and raising her arms above her 
head. The patient had had insulin injections in 
both arms and an occasional injection in the 
left leg. However, no insulin had been injected 
into the right leg, the area where the wasting 
began and, at the time of admission, was most 
severe. In fact, even at the time of admission 
no insulin had been injected into the right 
lower extremity. 

Aside from what has been mentioned, the 
patient had had no serious diseases and the 
past history was noncontributory. There was 
no family history of nervous or mental disease 
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or any complaint of wasting similar to that of 
the patient. 

Examination. The patient was a well-devel- 
oped, rather obese white female in no acute 
distress at the time of the examination. The 
general physical examination was within nor- 
mal limits except for an extensive scar result- 
ing from the previous thyroid surgery. She was 
slightly obese. Her blood pressure was 150/90. 
On the medial portion of the right thigh there 
was a 6 cm. mass of firm tissue that had the 
consistency of a lipoma, almost hidden in the 
general obesity evident in this region. This 
was adjacent to an area of atrophy on that side. 
The mental status examination was normal. 
The patient was intelligent and cooperative. 
The cranial nerve examination was within nor- 
mal limits except for weakness of the neck 
muscles, secondary to extensive surgery. The 
sensory examination was within normal limits. 
The patient’s gait and station were normal. 
She was able to step on a six inch high stool 
with slight hesitancy but she did not have to 
use her hands to push herself up. There was 
definite weakness of abduction of both shoul- 
ders; the patient was unable to elevate her arm 
above the horizontal and had difficulty reach- 
ing this point. There was wasting of all sub- 
cutaneous tissue over the lower portion of both 
deltoid muscles (figure 1). The skin was slight- 
ly wrinkled but otherwise normal. No fascicu- 
lations were observed. The findings were sym- 
metric and equal. In the lower extremity there 
was weakness in flexion and external and in- 
ternal rotation of the hip. Similar to the upper 
extremity, there was an area of atrophy of the 
upper portion of the thigh, mainly on the an- 
terior surface (figure 2). This included all sub- 
cutaneous tissue and possibly some of the mus- 
cles. There seemed to be some slight flabbiness 
and wrinkling of the skin over this area but no 
discoloration or other changes. Tone and co- 
ordination were normal. The deep tendon re- 
flexes were hypoactive but equal and there were 
no pathologic reflexes. There were no signs of 
meningeal irritation. 

Laboratory examinations. Roentgenograms of 
the chest, spine, pelvis, and skull were normal, 
as were those of the arms and forearms. Roent- 
genograms of the right and left shoulders 
showed peritendonitis calcarea, with calcific de- 
posits in the soft tissues just external to the 
greater tuberosity of the humerus. Radioactive 
iodine uptake was low and consistent with the 
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diagnosis of hypothyroidism. Basal metabolism 
was —4.3 per cent (Aub-DuBois). Routine 
blood count, urinalysis, and serology were nor- 
mal. Numerous studies of blood calcium, phos- 
phorus, and glucose were done throughout the 
patient’s hospital stay, the majority of which 
were within normal limits. Total cholesterol was 
191 mg. per cent and total protein was 6.5 mg. 
per cent. A lumbar puncture was performed, 
showing clear fluid under normal pressure and 
containing no cells. Chemical studies disclosed 
total protein, 42 mg. per 100 cc.; sugar, 52 mg. 
per 100 cc.; total chlorides, 123 mEq./liter; se- 
rology, negative; and colloidal gold, 1111111000. 

A biopsy of the right deltoid muscle was 
performed under local anesthesia on March 25, 
1955. The muscle appeared grossly normal. 
Specimens were fixed in 10 per cent formalin, 
absolute alcohol, and Bouin’s solution. Sections 
were stained with hematoxylin and eosin, van 
Gieson, and Gomori trichrome. Muscle fiber 
size varied from 10 to 75 micra in diameter. 


Hematoxylin and eosin stain. 
Fic. 4. An enlarged view of the wall of an affect- 
ed blood vessel taken from figure 3. 
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Fic. 3. An area of perivascular inflammation. 
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The nuclei were normal in size, shape, and po- 
sition. There were no structural changes in the 
muscle fibers and cross striations were normal. 
No ring fibers or sarcoplasmic pads were ob- 
served. The most striking change was about 
the blood vessels, particularly veins and capil- 
laries, where an infiltration of many plasma 
cells and other leukocytes including lympho- 
cytes, histiocytes, and eosinophilic and neutro- 
philic polymorphonuclear leukocytes was pres- 
ent. This perivasculitis was also evident within 
the adjacent fatty tissue and is illustrated in 
figures 3 and 4. 

Course in hospital. Throughout the hospital 
stay the patient’s hypothyroidism, hypopara- 
thyroidism, and diabetes were kept under good 
control with diet, 13 units of N.P.H. insulin 
daily, vitamin D, and calcium gluconate. The 
degree of local panatrophy did not change. 


DISCUSSION 


It is intriguing to consider the nature 
and possible interrelationship of the dis- 
ease process in these two patients. Un- 
fortunately, no biopsy material was avail- 
able on case 1 or other reported cases 
of Gowers’ local panatrophy. However, 
clinically there is no doubt that case 1 
fulfilled the requirements for this diag- 
nosis. Furthermore, the clinical picture 
in case 2 was similar to the previous re- 
ported cases of atrophy occurring at a 
site distant from that used for the in- 
jection of insulin. Previous pathologic 
studies are not available on these cases 
of distant atrophy. However, the find- 
ings on mucle biopsy in our patient were 
quite specific in showing a perivasculitis 
in muscle and fat. This type of inflam- 
matory reaction is typical of the lesions 
found in hypersenitivity reactions and 
strongly suggests an allergic basis for the 
production of the subcutaneous atrophy. 
The factors producing this allergic re- 
action are unknown, but certainly a sen- 
sitivity to the insulin preparation re- 
ceived by the patient seems a distinct 
possibility. An allergic reaction would 
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seem more plausible than any hypothesis 
based upon a localized action of insulin, 
as is employed in the explanation of the 
common insulin lipodystrophy occurring 
at the site of injection. In addition, the 
extreme rarity of the cases of distant 
atrophy suggests that factors are present 
quite different from those in ordinary 
insulin lipodystrophy. 

Several possibilities are apparent when 
considering the relationship between 
these two patients: 

1. The two patients may have the 
same disorder, and therefore the appear- 
ance of subcutaneous atrophy in dia- 
betics at sites distant from the injec- 
tion may actually constitute examples 
of Gowers’ local panatrophy rather than 
so-called insulin lipodystrophy. It is 
interesting in this respect to note that 
Gowers’ original patient was stated to 
have family history suggesting allergy, 
the patient's sister having “repeated at- 
tacks of bronchitis” and her family show- 
ing a “rheumatic” disposition. 

2. It is also possible that insulin may 
in some way act as a provocative agent 
in patients susceptible to Gowers’ local 
panatrophy and precipitate an otherwise 
latent or minimal case. 

3. Finally, there may be no relation 
between these entities. In this respect 
the possible relationship of these patients 
to other disorders associated with sub- 
cutaneous wasting may also be consid- 
ered. Among these are progressive ceph- 
alothoracic lipodystrophy (Barraquer- 
Simon’s disease ).1* However, the clinical 
features of this disorder are manifested 
by absence of fat tissue on the face, 
arms, and trunk, with either normal or 
pathologic accumulation of fat tissue in 
the lower half of the body, especially 
on the buttocks, and therefore quite dis- 
similar to either patient presented here. 
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In some respects the clinical picture 
of these patients suggests a process 
similar to that occurring in progressive 
facial hemiatrophy. Indeed Oppenheim 
thought that Gowers’ local panatrophy 
might be a different manifestation of a 
process similar to that occurring in facial 
hemiatrophy or in scleroderma. 

Furthermore, it must be emphasized 
that the changes found in muscle biopsy 
in case 2 were not similar to those re- 
ported by Bowie and Robinson in rabbits 
where the muscle changes associated 
with the injection of insulin were stud- 
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@ Aristotle considers the brain as a composition of earth and water, He says 
that it contains no blood, and therefore has no feeling; that in its’ nature it 
is extremely cold, and that its use is to moderate the heat and fervour of the 
heart. He places the sentient principle, not in the brain, but in the heart. The 
heart, according to Aristotle, is the organ first formed; it is that in which the 
life of animals resides, together with the faculties of perceiving and feeling, 
though some, he says, are of opinion that the powers of perceiving and feeling 
are in the brain. Of the origin, nature, and distribution of the nerves, both 
Aristotle and Plato seem to have been entirely ignorant. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 


Cerebrospinal Fluid Glutamic Oxalacetic 


Transaminase Activity in Neurologic Disease 


Joseph B. Green, M.D., Henry A. Oldewurtel, Desmond S. O’Doherty, M.D., 
Francis M. Forster, M.D. and Luis P. Sanchez-Longo, M.D. 


THE ESTIMATION of glutamic oxalacetic 
transaminase® activity in the serum has 
become a valuable aid in the diagnosis 
of diseases involving necrosis of tissue 
especially rich in this enzyme.’ It is 
thought that the cells of such tissue, 
when disrupted, release transaminase 
(and other enzymes) into the blood. 
Whatever the mechanism of liberation, 
this increase over the normal serum level 
can be readily determined. The magni- 
tude of transaminase activity has been 
shown to correlate with the amount of 
cellular necrosis.* 

This enzymatic determination has 
found its greatest applicability in the 
diagnosis and prognosis of myocardial 
infarction.*> It has been useful in the 
evaluation of liver disease, particularly 
in the early stages of hepatitis.© Both 
the heart and liver are organs containing 
abundant transaminase. The brain ranks 
with both of these in its transaminase 
content.’ Therefore, it was considered 
probable that necrosis of brain tissue, as 
exemplified by infarction, would release 
significant quantities of intracellular en- 
zymes, among these transaminase, into 
the serum and the cerebrospinal fluid. 


This hypothesis has been tested in pre- 
liminary clinical studies at this hospital,* 
as well as in an experimental project by 
Wakim and Fleisner.* Cerebral infarc- 
tions resulted in significant increases of 
transaminase activity in the spinal fluid 
clinically and experimentally. Wakim 
and Fleisher found smaller and incon- 
stant elevations of serum activity in 
dogs, while patients examined at this 
institution failed to show serum changes. 

The purpose of this paper is to extend 
and amplify these observations in clin- 
ical cerebral infarctions and, by survey- 
ing other neurologic diseases, to evalu- 
ate the role of the estimation of spinal 
fluid transaminase activity in differen- 
tial diagnosis. This is a report of sig- 
nificant transaminase data obtained from 
some 400 cerebrospinal fluid analyses. 


MATERIALS AND METHODS 


Cerebrospinal fluid was collected by 
lumbar puncture performed in the usual 
manner. Fluid collected during the 
course of pneumoencephalography or 
ventriculography showed an increase in 


°For brevity, glutamic oxalacetic transaminase will be 
referred to as “transaminase.” 
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activity after the injection of each in- 
crement of air. This phenomenon will 
be reported in greater detail. 

Storage of spinal fluid at room tem- 
perature for more than six hours resulted 
in a decrease of transaminase activity; 
refrigeration for two weeks did not in- 
fluence results. Fluid containing over 
400 red cells per cu. mm. had to be cen- 
trifuged and decanted immediately to 
avoid high values due to hemolysis and 
release of transaminase. Two hundred 
or more white cells per cu. mm. likewise 
resulted in elevated activity. 

Spinal fluid transaminase activities 
were determined by an adaptation of the 
spectrophotometric method employed by 
Karmen for serum measurements.” This 
means of measuring transamination is 
now utilized by most clinical labora- 
tories, although newer methods based 
on different principles are coming into 
use. The rapidity and ease of spectro- 
photometric technic account for its pres- 
ent popularity, but belie the complexities 
inherent in this biphasic enzymatic de- 
termination. To avoid several pitfalls 
which may be encountered in this rate 
estimation, it is advisable to state the 
principles and technics involved. 

Glutamic oxalacetic transaminase is a 
freely reversible catalytic mechanism 
which leads to the transference of the 
alpha-amino radical of aspartic acid to 
alpha-ketoglutaric acid, so that glutamic 
acid and oxalacetic acid are formed. 
The reaction may be followed by adding 
another enzyme, malic dehydrogenase, 
and a coenzyme, reduced diphosphopy- 
ridinenucleotide (DPNH), which con- 
vert the oxalacetic acid to malic acid. 
In this conversion, DPNH donates a pro- 
ton, leaving DPN+. The reduced form, 
DPNH, absorbs light at a wave length 
of 340 millimicrons, while the oxidized 


form absorbs only slightly at this wave 
length. Thus, to measure the rate of de- 
crease in optical density of the reaction 
mixture is to follow indirectly the rate 
of transamination. These reactions are 
all equimolar. Since the reaction tends 
to equilibrium, a large excess of the sub- 
strates on one side of the equation shifts 
most of the activity to one direction, and 
under proper conditions this activity will 
be proportional to enzyme concentra- 
tion. In this laboratory the change in 
optical density was followed in both 
Beckman Model B and Model DU spec- 
trophotometers, using a tungsten light 
source. 

To a 1 cm. square cuvette were added 
0.5 ml. 0.2M L~-aspartic acid, 0.2 ml. 
DPNH (1 mg. per ml.), 0.1 ml. malic 
dehydrogenase (800 MDH units per 
ml.), 1.7 ml. O.1M phosphate buffer, 
pH 7.4, and 0.5 ml. cerebrospinal fluid. 
The mixture was permitted to stand 30 
to 40 minutes to exhaust the endogenous 
DPNH oxidizing activity. It is best to 
determine that there is no further oxida- 
tion of DPNH before continuing. Then 
0.2 ml. 0.1M alpha-ketoglutaric acid was 
added, the solution mixed, and optical 
density (O.D.) readings taken at vari- 
ous time intervals. The length of these 
intervals is dependent upon the amount 
of activity being measured. Most repro- 
ducible values are obtained when the 
change in O.D. per interval of time se- 
lected is about 0.02 units or more. 

Under these conditions and given a 
sufficient quantity of DPNH, an enzy- 
matic reaction of zero order will obtain 
and can be followed for periods up to 
an hour. The reaction is followed until 
sufficient readings showing good agree- 
ment have been recorded. When serum 
is analyzed, a reference blank consisting 
of serum and all reagents except DPNH 
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CEREBROSPINAL FLUID TRANSAMINASE ACTIVITY 


must be used to nullify changes in ab- 
sorption due to protein denaturation, 
precipitation, and resultant turbidity. 
Numerous studies on spinal fluid failed 
to detect any change in optical density 
of a blank mixture for periods up to 30 
minutes, even in the presence of abnor- 
mal amounts of protein. Therefore, the 
preparation of reaction mixture blanks 
was discontinued and a reference blank 
of distilled water was used instead. With 
the same blank for all measurements. 
three spinal fluids could be analyzed 
simultaneously, taking readings of each 
cuvette at 15-second intervals. 

Umbreit and co-workers’ found that 
pyridoxal or pyridoxamine phosphate 
takes part as a cofactor in the transam- 
ination. Current studies on serum do 
not employ pyridoxal phosphate, since 
a sufficient amount of cofactor is thought 
to be present in serum. Experiments 
were set up to see if pyridoxal phosphate 
would enhance the transaminase activity 
of spinal fluid. Reaction mixtures were 
prepared to contain a final concentration 
of 10 gamma per ml. of the calcium salt 
of pyridoxal phosphate. The coenzyme 
had no apparent effect on the activity 
of transaminase in the spinal fluids ex- 
amined. 

Most available preparations of malic 
dehydrogenase contain some transami- 
nase activity. This contaminating activ- 
ity was carefully determined on all di- 
luted working solutions and subtracted 
from the total activity observed in the 
sample. The resultant net change in op- 
tical density was used in calculating the 
activity. 

The effect of temperature on trans- 
amination is that typical of most en- 
zymatic reactions. The rate is almost 
doubled with an increase of 10°C. The 
temperature of the cuvettes varied con- 
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siderably according to room tempera- 
ture and length of time the instrument 
had been in operation. Since the effect 
of temperature is reproducible under 
otherwise similar conditions, values ob- 
tained at one temperature may be con- 
verted to another temperature. A tem- 
perature curve was developed and all ac- 
tivities reported on the basis of activity 
at 37°C. Recently the Beckman Model 
DU spectrophotometer was equipped 
with thermospacers, a water jacket 
through which water from a constant 
temperature bath can be circulated, ob- 
viating the need for temperature cor- 
rection. 

Results are expressed in micromoles 
of oxalacetate produced per hour, per 
100 ml. of spinal fluid, at 37°C. This 
form is considered preferable to the clin- 
ical optical density units now employed 
in serum measurements for several rea- 
sons. Newer methods have been and are 
being designed to measure the reaction 
products directly, and therefore DPNH 
is not utilized in these as an indirect 
indicator of transamination. It is not 
logical to convert results obtained by 
such determinations into optical density 
units reflecting oxidation of a coenzyme 
(DPNH) not at all involved in the re- 
action measured. Expression of activity 
as the amount of oxalacetate produced 
readily equates both indirect and direct 
methods. 

Activity is better expressed at the 
physiologic temperature of the enzyme 
(37° C.) than at an arbitrary room tem- 
perature. The 100 ml. quantity of spinal 
fluid was chosen to avoid the extremes 
of larger values which are misleading in 
terms of precision and decimals which 
are clinically cumbersome. 

These units, representing micromoles 


of oxalacetate produced per hour, per 
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100 ml. of spinal fluid at 37°C., will 
for brevity be called “micromolar.” They 
are easily calculated by the formula: 


DxVx60xT 


M./hr./1¢ x 100 
uM./hr./100 ml 6.220 x 
Where D = decrease in optical density per 
minute 


V = volume of reaction mixture 
(3.2 ml.) 

T =temp. factor to extrapolate activ- 
ity to 37°C. (unnecessary with 
thermospacers 


60 =to put determination on an hour 
basis. 
6,220 = extinction coefficient of DPNH. 


Normal spinal fluid transaminase lev- 
els were established by sampling the 
spinal fluid of 30 individuals undergoing 
surgery for non-neurologic illnesses. The 
fluid was collected immediately prior to 
spinal anesthesia. Thirty other patients 
diagnosed as conversion reactions or 
anxiety states after extensive neurologic 
and psychiatric study were also subject- 
ed to lumbar punctures and spinal fluid 
analyses. The mean spinal fluid trans- 
aminase activity (and standard devia- 
tion) in these 60 persons was found to 
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Fic. 1. A distribution of transaminase values. 


be 43+ 12 micromolar units, with a 
range of 25 to 62. 


RESULTS (figure 1) 
Cerebral infarction 


The criteria for this diagnosis included 
1) sudden onset of focal neurologic defi- 
cit in an arteriosclerotic individual, 2 
absence of gross blood or an increased 
number of white cells in the spinal fluid, 
and 3) absence of signs and symptoms 
of increased intracranial pressure. All 
cases were followed by the authors. 
Lumbar puncture was performed at va- 
rying times after infarction. The tap was 
repeated at least once in over 25 per 
cent of the cases. There were 39 males 
and 14 females. The average age at onset 
was 64, with a range from 32 to 88 years 
of age. Table 1 presents a composite 
of the cases grouped by diagnosis. The 
diagnosis was proved in ten cases either 
by arteriography, surgery, or at autopsy. 
Elevations of spinal fluid transaminase 
activity were found in 64 per cent of 
all patients. These averaged 98 micro- 
molar units, representing a 60 per cent 
increase over the highest normal value. 
Thrombosis of the internal carotid ar- 
tery yielded the highest levels in the 
series. Basilar or vertebral artery throm- 
bosis was also associated with high val- 
ues. The large group of middle cerebral 
artery occlusions contained the majority 
of the lower transaminase activities. 

Of seven cases coming to autopsy, 
only one showed a normal level, the re- 
mainder having an average activity of 
220 micromolar units, over twice the 
usual elevation observed. The normal 
activity occurred in a man who had a 
posterior cerebral artery occlusion with 
a relatively small area of fresh infarc- 
tion. The brain contained evidence of 
older repetitive vascular accidents. 
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Fic. 2. A.W. Thrombosis of the internal carotid 
artery confirmed at autopsy. 


Five patients who recovered complete- 
ly within 48 hours were found to have 
normal transaminase activities. Two of 
these cases represented embolization to 
the middle cerebral artery. One patient 
with a clinical diagnosis of internal ca- 
rotid thrombosis improved steadily after 
a sudden onset of left-sided weakness 
and sensory deficit and only slight resid- 
ual weakness was present on discharge. 
Serial lumbar punctures revealed a drop 
in activity from 100 to 60 micromolar 
units. 

When only those patients with defi- 
nite cortical involvement indicated by 
signs and symptoms (aphasia, parietal 
lobe signs) or at autopsy are considered, 
over 80 per cent show increased trans- 
aminase activity. On the other hand, 
levels were normal in four patients with 
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Fic. 3. L.M. Thrombosis of the internal carotid 

artery confirmed by arteriography. 
lesions of the dominant hemisphere who 
did not have speech disturbances. 

Although serial examinations of the 
spinal fluid were performed in many 
cases, it is not possible to establish an 
average time of peak activity, since sev- 
eral patients showed increasing levels 
as long as three months after infarction. 
Figures 2 and 3 present the pattern of 
spinal fluid activity in two patients with 
extensive infarctions. As the graphs in- 
dicate, the initial transaminase level may 
be normal. Indeed, high values were not 
usually observed before the third day. 
Cerebral Hemorrhage 

Red or white cells contain sufficient 
transaminase to elevate the spinal fluid 
level when they are present in abnormal 
numbers; therefore, only two autopsied 
cases of intracerebral hemorrhage were 


TABLE 1 
COMPOSITE OF CEREBRAL INFARCTIONS ACCORDING TO ARTERY OCCLUDED 


Arte Number of Average and Standard Deviation, 
Occluded Cases and Range in »M/hr./100 ml. 

Internal carotid 11 171 +109 (68-470) 
Basilar 5 141+ 49 (62-210) 
Middle cerebral 86 73+ 47 (35-260) 
Posterior cerebral 1 62 

All cases 53 98 + 74 (35-470) 
Normals 60 43 + 12 (25-62) 
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studied. In both of these the spinal fluid 
was clear. Activities were high, 120 and 
200 micromolar units respectively. 

Brain Tumors 

Fourteen patients with histologically 
verified primary brain tumors were ex- 
amined. The tumors included five hemi- 
spheric glioblastomas, two astrocytomas, 
two pituitary chromaphobe adenomas, 
two meningiomas, one hemangioblasto- 
ma of the cerebellum, one medulloblas- 
toma, and one acoustic neurinoma. Sev- 
eral of these, especially the glioblasto- 
mas, were large necrotic neoplasms asso- 
ciated with a high spinal fluid protein. 
No tumor patient had a significant spinal 
fluid transaminase elevation. 

Multiple Sclerosis 

Because multiple sclerosis is a disease 
which is frequently associated with acute 
destruction of nervous tissue, 12 cases 
were screened. Half of these had in- 
creased transaminase activity, but this 
was marked in only three patients in se- 
vere exacerbations. Normal values were 
obtained in patients with stable chronic 
disease. Diversity of lesions, when acute, 
accounted for the highest levels. 
Other Neurologic Diseases 

Twelve of 14 patients with convulsive 
disorders had normal spinal fluid activ- 
ity. The two individuals showing eleva- 
tions represented instances of focal seiz- 
ures beginning late in life and associ- 
ated with progressive mental deteriora- 
tion. Air studies were normal in both 
these cases. 

A child of four, presenting a combina- 
tion of bilateral pyramidal tract signs 
and sickle-cell disease, had 124 micro- 
molar units of spinal fluid transaminase 
activity. 

Normal values occurred in two cases 
of senile dementia, two cases of amyo- 
trophic lateral sclerosis, and in three 
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treated cases of parenchymal neuro- 
syphilis. 

Of interest is one case of Wilson’s dis- 
ease associated with very low activity, 
12 micromolar units. Aminoaciduria was 
marked. 


DISCUSSION 


The data presented indicate that 
spinal fluid transaminase activity is ele- 
vated in the majority of cases of cere- 
bral infarction. The magnitude of indi- 
vidual elevations is roughly proportional 
to the area of infarction, for the great- 
est increases were found when large ves- 
sels were occluded, for example, the in- 
ternal carotid or basilar arteries. Lesions 
extensive enough to cause a fatal out- 
come also caused greater transaminase 
activity, as is well demonstrated by the 
group coming to autopsy. Conversely, 
patients who made complete or nearly 
complete recoveries had normal or 
slightly elevated levels. Between these 
two groups were many individuals re- 
taining moderate neurologic deficits who 
displayed intermediate elevations. There- 
fore, a definite correlation existed be- 
tween the degree of elevation of spinal 
fluid transaminase activity, the size of 
the lesion, and the clinical course. 

Lesions producing definite signs of 
cortical involvement caused higher levels 
than those which did not. It is possible 
that many of these latter may be sub- 
cortical capsular lesions of a size insuf- 
ficient to release significant quantities of 
enzyme. That this is so is strongly sug- 
gested by involvement of the dominant 
hemisphere without the production of 
speech disturbances. Another considera- 
tion is the known distribution of trans- 
aminase, most being concentrated in the 
cerebral and cerebellar cortices, with a 
lesser amount in the white matter. This 
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also may explain the considerable activ- 
ities found in basilar artery thromboses 
with cerebellar infarction. 

The time relationships of cerebrospinal 
fluid transaminase increases observed in 
our cases were varied. As a rule, spinal 
fluid activity reached high levels about 
the third day and often remained ele- 
vated for many weeks. This pattern is 
at variance with the usual serum curve 
following myocardial infarction, where 
there is a rapid rise and fall of activity 
within 48 hours.2:*> Wakim and Fleisher,® 
in an excellent experimental study, pro- 
duced cerebral infarction in dogs by in- 
jecting red vinyl acetate into the carotid 
artery and found that the highest trans- 
aminase values occurred within 100 
hours. Hence, the average time of peak 
activity in their dogs coincided closely 
with that observed in human myocar- 
dial infarctions. It must be remembered 
that the infarctions produced by Wakim 
and Fleisher were extremely acute and 
extensive. There may well be a more 
gradual cellular destruction in the in- 
farcted human brain. Those patients who 
had suffered several premonitory attacks 
preceding the final disabling episode 
showed gradually increasing levels of 
transaminase with a considerable latent 
period until high values were reached. 
This suggests a slow propagation of a 
clot enabling the collateral circulation 
to partially compensate for the ischemia. 
When the occlusion becomes complete, 
necrosis may spread gradually as the 
collateral circulation fails under the in- 
creased burden. The magnitude of the 
levels finally reached in patients with 
slowly increasing spinal fluid transami- 
anse activity falls far short of the peak 
values rapidly reached in the experimen- 
tal infarctions produced by Wakim and 
Fleisher. 
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On the other hand, a few patients 
have been studied who, without prior 
symptoms, suffered a sudden severe neu- 
rologic deficit, often fatal. One such 
case was a man who suffered an acute 
internal carotid artery occlusion and 
died within 12 hours of admission. His 
spinal fluid had a transaminase activity 
of 470 micromolar units, the highest en- 
countered in this series. At autopsy there 
was an extensive infarction of the in- 
volved hemisphere, with uncal and cere- 
bellar pressure cones. The complete 
rapid infarction occurring in this patient 
associated with a very high spinal fluid 
activity within 12 hours after onset re- 
sembled the conditions prevailing and 
the results obtained in the experimental 
study. 

The dissimilarity between the curves 
of transaminase activity in myocardial 
infarction and in most clinical cerebral 
infarctions suggests a difference in the 
basic pathophysiology of these two dis- 
eases. It appears that the cerebral col- 
lateral circulation may be more effective 
than the cardiac vascular reserve, there- 
fore delaying and partially preventing 
the consequences of an arterial closure. 
The diffusability of transaminase must 
be an important factor also, for patients 
were observed who had nonprogressive 
deficits and yet showed gradually in- 
creasing activity. It must be noted, how- 
ever, that, while these individuals did 
not become worse, they did not improve. 

Although care was taken to exclude 
patients with complicating myocardial 
infarction or liver disease from this se- 
ries, the permeability of the blood-brain 
barrier to serum transaminase was found 
to be quite low. Four patients with 
chronic liver disease (serum activity av- 
eraged 806 micromolar units) and one 
patient with muscle necrosis (serum ac- 
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tivity was 37,200 micromolar units) all 
had normal or slightly elevated spinal 
fluid activity. This evidence gives to the 
spinal fluid transaminase activity a spe- 
cificity for the nervous system, which is 
in sharp contrast to the multiple poten- 
tial causes of serum activity. An acute 
lesion of the heart, lungs, liver, kidney, 
muscle, or even intravascular hemolysis 
may elevate serum levels. This has ne- 
cessitated the investigation of transam- 
inase systems other than glutamic oxala- 
cetic in a search for organ specificity." 

The blood-brain barrier, while insu- 
lating spinal fluid activity from systemic 
changes, also effectively prevented en- 
zyme of cerebral origin from entering 
the circulation. In the early days of 
this study, serum as well as spinal fluid 
was examined. After 25 normal serum 
values were obtained in patients with 
significantly elevated spinal fluid activ- 
ity, serum determinations were discon- 
tinued. Wakim and Fleisher reported 
that the serum level increased 110 per 
cent following experimental infarction. 
This was only 14 per cent of the mean 
spinal fluid rise. These authors com- 
mented on this disparity and further ob- 
served that the degree of serum increase 
failed to correlate with the extent of the 
infarction in the individual animal. If 
these findings are extrapolated to our 
study, it is seen that 14 per cent of our 
average increase above normal spinal 
fluid levels is approximately 6.2 micro- 
molar units. This addition to the usual 
serum pool of over 93 micromolar units 
is too small to be noticeable. 

The high activities found in cerebral 
hemorrhage are not surprising in view 
of the extensive and acute tissue de- 
struction which is usually present. As 
stated previously, hemolyzed red cells 
contribute significant amounts of trans- 
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aminase, thus preventing valid measure- 
ment of intracranial hemorrhage in most 
instances. Some of our cases of infarc- 
tion, especially those which might have 
been subcortical, may well have repre- 
sented small capsular hemorrhages. At 
any rate, the determination of spinal 
fluid transaminase activity did not aid 
in the differentiation of infarction from 
hemorrhage. 

The small but varied series of brain 
tumor cases showed no increases in ac- 
tivity. Necrosis occurring in the tumor 
itself, as in several glioblastomas studied, 
did not release enzyme, at least not in 
measurable quantities. Destruction of 
surrounding tissue evidently did not 
occur rapidly or extensively enough -to 
influence spinal fluid activity. In none 
of our cases did the tumor compress a 
large vessel, nor was extensive hemor- 
rhage produced by destruction of the 
vessel walls. Conceivably a neoplasm 
could thus indirectly elevate transam- 
inase activity. 

There was no relationship between 
transaminase activity and the total pro- 
tein in the spinal fluid. Four tumors had 
an average protein of 200 mg. per cent 
and yet had normal spinal fluid levels. 
A case of adhesive arachnoiditis (con- 
firmed surgically ) may be cited in which 
the spinal fluid protein reached 600 mg. 
per cent, whereas the transaminase level 
was 50 micromolar units. 

The fact that most infarctions elevate 
spinal fluid transaminase activity, while 
brain tumors do not, holds great prom- 
ise. If further investigation confirms this 
finding, the spinal fluid transaminase de- 
termination will have value in a small 
group of cases defying definite diagnosis 
except by procedures of some risk to the 
patient. In this study several cases of 
internal carotid artery thrombosis sim- 
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ulated rapidly progressive brain tumors 
in their history. Conversely, two neo- 
plasms produced apoplectic syndromes. 
The transaminase studies were of great 
value in arriving at the proper diagnosis. 

While six of the 12 patients with mul- 
tiple sclerosis had elevated activities, 
these elevations were appreciable in only 
three patients, who had acute dissem- 
inated lesions. The total duration of ill- 
ness in these three cases was under four 
months. A moderate increase was ob- 
served in a young woman recuperating 
from neuromyelitis optica. One patient 
in exacerbation surprisingly had a nor- 
mal level, despite evidence of dissemina- 
tion. The remainder of the normal ac- 
tivities were found in individuals whose 
disease was chronic and either non-pro- 
gressive or slowly so. 

No multiple sclerosis patient has as yet 
been followed for a sufficiently long time 
to determine if the spinal fluid trans- 
aminase activity accurately reflects the 
activity of the disease. The preliminary 
observations noted above indicate that 
such may well be the case. 

The findings in the multiple sclerosis 
group raise the question whether a 
vascular component is operative in the 
pathogenesis of demyelination. Two well 
known theories invoke a vascular etiol- 
ogy, that is, venous thrombosis’* or va- 
sospasm.'* There is insufficient evidence 
to support the concept that only is- 
chemic necrosis liberates enzyme, and 
currently cases of head trauma with 
cerebral laceration and contusion are 
being studied. If traumatic necrosis of 
cerebral tissue elevates spinal fluid trans- 
aminase activity, this would indicate 
that the rapidity of tissue destruction is 
more important in releasing this enzyme 
than the cause of the destruction. 

Several patients presenting different 
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clinical syndromes but evidencing a 
basic vascular etiology had increases in 
spinal fluid activity. Convulsive disor- 
ders secondary to cerebral arteriosclero- 
sis, as well as the neurologic manifesta- 
tions of sickle-cell disease, fall in this 
group. 

The disturbance in glutamic acid me- 
tabolism predicated by some as an im- 
portant factor in the production of seiz- 
ures'* was not reflected in abnormal glu- 
tamic oxalacetic transamination in the 
spinal fluid of epileptics studied. This 
group consisted of patients who had 
idiopathic and symptomatic convulsive 
disorders. 

Progressive degenerative diseases such 
as amyotrophic lateral sclerosis and se- 
nile dementia were not associated with 
elevations of spinal fluid transaminase. 
This is not surprising in view of the slow 
rate of tissue destruction in these condi- 
tions. Parenchymal neurosyphilis lacking 
an important vascular component, for 
example meningoencephalitis, did not 
increase activity. A few cases which 
probably represented vascular syphilis 
are not listed in the results because of 
some uncertainty as to diagnosis. Mod- 
erate elevations of transaminase were 
detected in the spinal fluid of these pa- 
tients. 

Inflammatory diseases resulting in 
spinal fluid pleocytosis were not listed 
in this report because of significant 
quantities of transaminase released by 
the white cells. Two cases of viral en- 
cephalitis with less than 50 white cells 
per cu.mm. did not have elevations. 
Activity in meningitis falls rapidly with 
recovery and the decreasing cell count. 
Such rapid shifts never occur in cerebro- 
vascular disease where the source of 
enzyme is parenchymatous. Moreover 
vigorous centrifugation of meningitic 
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fluid reduces transaminase levels to nor- 
mal, leaving no doubt that the origin of 
enzyme in these cases is corpuscular. 


SUMMARY 


Spinal fluid transaminase activity was 
determined in 53 cases of cerebral in- 
farction. Elevations were found in 64 
per cent of the cases, and the magnitude 
of an individual increase correlated well 
with the extent of the infarction and the 
clinical course. The time relations of 
the transaminase activities and their 
physiologic significance are discussed. 
Evidence is presented that the blood- 


brain barrier is relatively impervious to 
this enzyme. 

Fourteen verified brain tumors were 
associated with normal activities. Three 
of 12 cases of multiple sclerosis had sub- 
stantial increases in spinal fluid levels. 
The significance of this finding to activ- 
ity of the disease and theories of etiology 
is discussed. Data in other neurologic 
diseases are presented and evaluated. 

Spinal fluid glutamic oxalacetic trans- 
aminase activity is an aid in the diag- 
nosis and prognosis of cerebral infare- 
tion and may be helpful in differentia- 
tion of vascular from neoplastic lesions. 
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3. Focal Demyelination and Necrosis of the Subcortical 
White Matter Consequent to Injection of 
Radioactive Gold (AU 198) 


Cyril B. Courville, M.D. and Richard O. Myers, M.D. 


IN A PRELIMINARY PAPER of this series, 
it was pointed out that among a number 
of known causes of demyelination in the 
central nervous system were those which 
seemed to produce these effects on some 
toxic basis. These toxic agents were di- 
vided into two groups based upon the 
medium through which they exerted 
their noxious effects. For example, the 
action of spinal anesthetic agents on the 
spinal cord seems to take place by con- 
tiguity, the substance in solution in the 
cerebrospinal fluid acting directly on 
the peripheral nerve fibers of the spinal 
cord. This is manifested by a dissolu- 
tion of the myelin sheaths of these fi- 
bers.? In the second group, the noxious 
agent acts through the blood stream, ex- 
erting its effects on the cerebral centrum. 
Of this group, cyanide seems to be the 
classic example. Although this poison- 
ous substance is considered to be a his- 
tiotoxic agent, producing anoxic effects 
on the nerve cells and fibers by interfer- 
ing with their use of oxygen, it is also 
possible that its demyelinating effect is 


exerted through a disturbance in enzyme 
action, or possibly through intermediary 
ischemia of the cerebral centrum. 

This study is concerned with a case 
in which sharply outlined foci of necro- 
sis of the subcortical cerebral white mat- 
ter were observed in a patient who had 
been given an injection of radioactive 
gold (AU 198) directly into the vessels 
within the mass of an inoperable car- 
cinoma of the lung. Death came seven 
weeks later. The unusual character of 
the cerebral lesions made this report 
seem worthwhile, particularly with re- 
spect to the nature of the focal lesions 
of the cerebral white matter. A search 
of the available literature has failed to 
bring to light a similar case. 


REPORT OF CASE 


Diagnosis of carcinoma of right lung in a 
56 year old Caucasian male, with extension into 
the mediastinum, substantiated by roentgeno- 
gram, bronchoscopy, and biopsy. Thoracotomy, 
with injection of radioactive gold directly into 
tumor mass. Death from pulmonary hemor- 
rhage incident to ulceration of bronchogenic 
carcinoma 50 days later. Autopsy: Foci of 


From the coroner’s service of Los Angeles County, the Cajal Laboratory of Neuropathology of the 
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subcortical cerebral softening and marked con- 
gestion of the lenticular nucleus. 

A 56 year old Caucasian male was admitted 
to the California Hospital on January 18, 1952, 
complaining of a cough productive of bloody 
sputum, dyspnea, weakness, pain in the right 
side of the neck, and loss of weight. Six months 
prior to this admission, the patient sought med- 
ical advice and was told that his tonsils were 
infected. The patient continued to lose weight 
and grew progressively weaker. The pain in 
the right side of the neck radiated from the 
right submaxillary region upward and down- 
ward. The patient stated that over a period 
of six to seven years he had consumed a pint 
of alcohol and smoked a package of cigarettes 
daily. 

Physical examination. The single abnormal 
physical finding consisted of rales in the upper 
third of the right lung, associated with wheez- 
ing and diminished breathing. 

Course. On January 30, 1952 a bronchos- 
copy was performed. A No. 7-40 bronchoscope 
was passed through a normal larynx into the 
trachea down to its junction with the right main 
stem bronchus. Here an irregular, moundlike 
mucosal lesion was evident, with central ulcera- 
tion about 1 cm. in diameter. The friable edges 
suggested that this lesion was a bronchogenic 
carcinoma. Several small biopsy specintens were 
taken. The orifice of the left upper and lower 
lobe was patent, and there were no secretions 
or inflammation. The bronchoscope was not 
passed beyond the carcinomatous lesion on the 
right. Histologic examination of the biopsy 
specimens revealed a squamous cell carcinoma, 
grade III. The patient was discharged from the 
hospital January 31, 1952 on a program of pal- 
liative care. 

The patient’s second admission was on Feb- 
ruary 6, 1952, at which time he stated that 
he continued to have pain in the chest after 
his discharge from the hospital, with a produc- 
tive cough, dyspnea, progressive weight loss, 
and weakness. Again the physical examination 
was essentially negative, except for a wheeze 
in the right upper lobe and swelling and con- 
gestion of the skin. There was no evidence of 
pleural effusion. 

A thoracotomy was performed on the day 
of admission. The mediastinum was found to 
be extensively involved with whitish neoplastic 
tissue which extended from its upper portion 
down to the right upper lobe and from the 


spine onto the superior vena cava for about 
6 cm. Hoping that a palliative resection could 
be done, the pericardium was opened widely. 
It was noted, however, that the pulmonary 
artery was involved to such an extent that it 
was impossible to perform a sound ligation. 
Since even a palliative resection was impos- 
sible, it was decided to inject radioactive gold 
(AU 198) directly into the tumor mass. Using 
a special injection apparatus, the carcinomatous 
mass was injected with 25 cc. of this material 
which was radioactive, with a dosage calcu- 
lated at 58.5 millicuries. Transfusions were 
necessary to restore the blood volume and 
count, which were checked two days after op- 
eration. 

The patient’s immediate postoperative con- 
dition was good. He coughed considerably for 
the next six days and was dyspneic at times. 
It was necessary to administer oxygen by nasal 
catheter much of the time. After this the pa- 
tient recovered sufficiently to be up and about, 
taking daily walks in the hall. It was necessary, 
however, to give him repeated doses of Dem- 
erol and codeine to relieve pain. 

Eleven days before death the blood study 
was reported as follows: hemoglobin 10.4 gm., 
red cell count three million cells per cu. mm. 

The day of the patient’s death, he had gotten 
up for morning care at 7:30 a.m. Rather sud- 
denly he began to cough up large amounts of 
blood which soon filled his air passages, with 
resulting dyspnea and cyanosis. He had a con- 


Fic. 1. Demyelination after injection of radioac- 
tive gold. Photograph of coronal section of cere- 
bral hemispheres showing location of necrotic foci 


(x). 
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Fic. 2. Subcortical necrotic focus. A, low power 
photomicrograph showing its location. Irregular 
margins of necrotic center and deeper pallor are 
also shown (x4). B, enlargement of area within 
rectangle outlined in A, showing irregular contour 
of necrotic focus and lack of reactive response in 
surrounding areas (x33). Phosphotungstic acid 
hematoxylin preparation. 


vulsive seizure, followed by respiratory failure 
and death. 

Autopsy. An autopsy was performed for the 
county coroner’s service and the brain forward- 
ed to the Cajal Laboratory for further study. 
It was reported that a gross, firm, white tumor 
mass had originated from the bronchus on the 
right side, with extension into the regional 
lung. There was also a dark red blood clot 
found in the bronchi of both right and left 
lungs, apparently originating from an ulcera- 
tion of the tumor mass. Small nodules were 
found on the pleura and pericardium. 

The brain showed no external lesions. On 
coronal sections through the frontal lobes, how- 
ever, several foci of softening were found in 
the white matter. One of these foci was located 
in the subcortical area of the right frontal lobe, 
lying in the upper portion of the centrum just 
beneath the superior frontal sulcus (figure 1). 
Another was found in the centrum on the left 
side located just lateral to the corona radiata 
and just below the deep portion of the superior 
frontal sulcus on this side. These foci were 
quite sharply outlined and situated in the sub- 
cortical white matter, but sparing the subcor- 
tical association fibers. The material enclosed 
in these areas was grumous in character, evi- 
dently the result of total necrosis. Other foci 
were located which did not always assume a 
symmetric location. There was also a question- 
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able softening of the cerebellar cortex adjacent 
to the brainstem on the right side. The larger 
arteries showed no evidence of arteriosclerotic 
change. 

Blocks were taken from the grossly unaltered 
cortex and from regions of subcortical soften- 


ing and necrosis. Individual sections were 
stained with hematoxylin and eosin, phospho- 
tungstic acid-hematoxylin, and iron hematoxy- 
lin (myelin sheaths), and impregnated by the 
Perdrau method for reticulin. 

Sections from the grossly unaltered cortex 
showed no unusual thickening of the lepto- 
meninges, and the cortex disclosed no architec- 
tural changes other than a mild patchy loss of 
nerve cells. This was especially conspicuous in 
the motor area. Here the larger nerve cells 
showed a marked loss of tigroid granules, indi- 
cating acute as well as chronic change. Con- 
gestion of the small vessels of the deep cortical 
and subcortical zones was also noted. 

The larger nerve cells in the lenticular nu- 
cleus also showed acute swelling, with loss of 
tigroid granules. The gray matter here was re- 
markably congested, all the small vessels (cap- 
illaries) being conspicuous by their increased 
diameters and increased content of red cells. 
The cells of the thalamus also showed loss of 
tigroid pigment, although the vessels of this 
structure were not particularly congested. 

The Purkinje cells of the cerebellum were 
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acutely swollen and agranular. 

Examination of the sections showing subcor- 
tical softening was of particular interest. These 
foci were characteristically located deep to a 
sulcus, pointing to the centrum, rather than at 
the apex of a convolution. It was noted that 
the process of softening followed the contour 
of the deep margin of the subcortical arcuate 
fibers, giving rise to a crescentic pattern of 
necrosis (figure 2A). Necrosis at these points 
was evidently quite acute, consisting of a 
loosening and increased friability of the tissues 
without evident reactive change in the regional 
interstitial cellular elements (figure 2B). The 
underlying white matter appeared to be vac- 
uolated (mild spongy state) and small foci of 
coagulation, at times perivascular, were evi- 
dent. The walls of the blood vessels concerned 
seemed to be acutely altered; their lumens were 
sometimes filled with amorphous debris, evi- 
dently the remains of degenerated red cells. 

In the Perdrau preparation, the blood ves- 
sels were missing from the area of necrosis and 
its immediate environs, especially in the irreg- 
ular patches of pallor (figure 3A and B). This 
appeared to be true even in thicker sections in 


which larger numbers of vessels were demon- 
strated. As one proceeded away from these 
areas, the blood vessels became more normal 
in number and structure. An attempt was made 
to study the regional vasculature by means of 
the benzidine stain in the hope of visualizing 
any disturbance in their normal subcortical pat- 
tern. Repeated efforts with variation of the 
technic failed to show a sufficient number of 
vessels to be of any value whatever. 

In other sections, actual defects in the white 
matter were found to be surrounded by irreg- 
ular and patchy zones of pallor. In this area 
the walls of the blood vessels appeared to be 
undergoing acute change and at times their 
lumens were filled with amorphous debris or 
fibrin thrombi (figure 4A). Some of these ves- 
sels were collapsed and their contours formed 
irregular convoluted patterns (figure 4B). The 
long penetrating arteries from the cerebral cor- 
tex were often found to be collapsed and at 
times extremely tortuous, with local dilatations 
and constrictions in their course (figure 4C, E, 
and F). Some of these vessels showed complex 
local twistings simulating vessels in the glom- 
eruli of the kidney (figure 4D). 


Fic. 3. Decrease in number of blood vessels about margins of necrotic focus in two separate regions (A 


and B). Perdrau preparation (x75). 


”) 


A, fibrin thrombus in tortuous 


B, extreme tortuosity of regional arteriole. 


irregular tortuosity, constriction, and dilatation of long pene- 
D, marked tortuosity (“glomerular pattern 


E, same vessel as in C as shown in Perdrau prepara- 


smaller vessel showing tortuous arrangement and collapse of lumen. Perdrau preparation 


Cc, 


trating cortical artery. Hematoxylin and eosin stain (x 95). 


of arteriole. Hematoxylin and eosin stain (x 220). 


Phosphotungstic acid hematoxylin preparation (x 220). 


x 


Fic. 4. Changes in structure of blood vessel in environs of necrotic focus. 


vessel. 
Hematoxylin and eosin stain (x 220). 


tion (x95). 
(x 300) 
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Fic. 5. Necrosis and demyelination in subcortical foci. A, low power view of lesion shown in ‘figure 2, 
showing tendency to spare subcortical arcuate fibers and demyelination about necrotic focus (x4). B, C, 
and D, stages of demyelination and progressive deterioration of myelin sheaths about necrotic focus. 


Myelin sheath preparations (x 300). 


The myelinated nerve fibers in the vicinity 
of the defects showed only acute change, frag- 
mentation, the formation of myelin balls, and 
granular debris. In this region the tissues ap- 


peared to be friable and large irregular defects 
were evident (figure 5A). Under higher mag- 
nifications, “vacuolated” myelin balls of vari- 
ous sizes were found about the margin of the 
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defect. At times these balls were found in short 
rows, indicating the position and course of the 
original intact myelin sheath (figure 5B). Short 
segments still showed a varicose contour. It 
was possible to trace the steps in degeneration 
of the myelin sheaths by the intensity of stain- 
ing with iron-hematoxylin, from the blue-black 
myelin balls on the one hand to the faint round- 
ed globules or fine granules on the other (fig- 
ure 5C and D). These elements appeared to 
best advantage when the light was reduced. 
Somewhat more removed from the border of 
the necrotic focus, the globules and fragments 
assumed a more obvious linear defect in which 
the myelin sheaths were noted to be under- 
going fragmentation. This was particularly true 
below the area of softening. 
In other areas of similar location (beneath 
a deeper sulcus) showing no breakdown in 
tissue architecture, the white matter appeared 
somewhat pale in myelin sheath preparations. 
Under higher magnifications, actual breakdown 
of myelin was indicated by focal areas devoid 
of myelinated fibers and fragments of such 
fibers together with “myelin balls” and rings. 
A considerable degree of regressive changes 
in the myelinated nerve fibers forming the ex- 
ternal capsule was found to be present. This 
seemed to be rather diffuse in character and 
unassociated with any structural breakdown in 
the tissues, such as the subcortical foci already 
described. Likewise, a similar diffuse pallor 
was also discovered in the deeper white matter 
of the cerebral centrum. These findings would 
suggest a more general but less intense break- 
down in myelin associated with, but independ- 
ent of, the areas of subcortical focal necrosis. 
The radiating myelinated fibers of the cortex 
and those of the lenticular nuclei appeared to 
be less well demonstrated or perhaps fewer in 
number than usual, although no actual degen- 
erative changes in the myelin could be found. 
The myelinated fibers in the thalamus, sub- 
thalamus, and internal capsule were unaltered. 
The oligodendroglia cells in the area about 
the defect were decreased in number (about 
three to two) as compared with normal appear- 
ing white matter. This proportion was quite 
consistently maintained in comparing the un- 
altered with the altered white matter. 


COMMENT 
In this instance, the injection of radio- 
active gold (AU 198) directly into the 
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tumor in the course of a thoracic opera- 
tion in an attempt to retard the growth 
of an inoperable malignancy of the lung 
was followed several weeks later by the 
occurrence of subcortical foci of demyel- 
ination and necrosis. Whether these cere- 
bral lesions were due to some specific 
effect of radioactive gold or whether 
they were the result of some indirect 
mechanism such as embolism cannot 
now be stated, although no cerebral epi- 
sode had occurred to warrant a diagno- 
sis of embolism. It is also possible that 
secondary anemia may have contributed 
to the end result, although anemia alone 
is not known to produce such lesions. 
The nature of the necrotic focus would 
suggest that, within a week before the 
patient’s death, there was a sudden im- 
pairment of the subcortical circulation, 
leading to necrosis of tissue. This is in- 
dicated by the fact that not enough time 
elapsed thereafter to permit any reactive 
changes in the interstitial elements. 
There was sufficient time, however, to 
break down myelin in the areas of focal 
necrosis. From the viewpoint of demy- 
elinating disorders, it is pertinent to call 
attention to the nature and location of 
these central lesions. 


SUBCORTICAL SOFTENING AND THE 
LESIONS OF BINSWANGER’S 
SUBCORTICAL GLIOSIS 


Many years ago, Binswanger* noted 
the occurrence of small subcortical foci 
of gliosis, often quite sharply circum- 
scribed, in the brains of elderly individ- 
uals with advanced arteriosclerosis. It 
was assumed by Binswanger and others* 
that these foci of demyelination and gli- 
osis were the result of local ischemia, a 
conclusion supported not only by the 
state of the cortical arteries but also by 
the fact that the overlying cortex was 
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sometimes altered in a manner suggest- 
ing ischemia. These Lichtungsherde® 
were usually small, quite sharply out- 
lined, multilateral or crescentic in shape, 
and lay beneath the subcortical arcuate 
fibers. At times, however, the foci were 
quite large and diffuse, with less sharply 
outlined borders.® Such lesions are now 
generally considered to be the result of 
a localized ischemia incident to occlu- 
sion of the longer penetrating cortical 
arteries superimposed upon an arterio- 
sclerotic state.7 
The occurrence of an acute lesion 
characterized by foci of subcortical de- 
myelination or actual necrosis, as ob- 
served in the case reported herein, sug- 
gests that a similar mechanism is respon- 
sible for their production. In the ab- 
sence of evidence of atherosclerosis in 
either the large arteries at the base or 
the smaller cortical vessels, these lesions 
were apparently not predisposed by pre- 
existent degenerative vascular changes. 
It may also be said that the absence of 
any visible alterations in the long pene- 
trating vessels of the cortex, other than 
collapse and tortuosity, would seem to 
exclude embolism or thrombosis. This 
would imply, by exclusion at least, that 
some functional ischemic mechanism 
(vasospasm) may be responsible for the 
development of these areas of focal 
necrosis. This process resulted in col- 
lapse of some vessels, irregular constric- 
tion and dilatation of others, and the 
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formation of more or less complex hooks 
and twists in still others. It is also prob- 
able that some slower process of ische- 
mia was also acting to produce the less 
conspicuous areas of pallor deeper in 
the cerebral centrum. Its relation to ra- 
dioactive gold is problematical and ex- 
perimental work is needed to clarify the 
situation. 


SUMMARY 


This report is concerned with a man 
of 56 years who died 51 days after in- 
jection of radioactive gold (AU 198) 
directly into the tumor for an inoperable 
malignancy of the right lung. At au- 
topsy, small foci of subcortical demy- 
elination and necrosis were found in 
the cerebral hemispheres, particularly in 
the frontal lobes. The similarity in na- 
ture and location of these lesions to 
those of Binswanger’s subcortical my- 
elinopathy suggests a similar genesis in 
some ischemic mechanism, possibly local 
vasospasm of the longer penetrating cor- 
tical arteries. The acute lesions, prob- 
ably only a few days old, evidently oc- 
curred suddenly some weeks after the 
injection of radioactive gold. These 
lesions were presumably superimposed 
upon a slower process of demyelination 
affecting the deeper portions of the cere- 
bral centrum. The beginning loss of 
oligodendroglia about the areas of necro- 
sis suggests the vulnerability of these 
cells to any ischemic process. 
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Syndrome of Vertebral Artery 


Compression 


W. F. Tissington Tatlow, M.D., M.R.C.P.(Lond.), F.R.C.P.(C) 
and H. G. Bammer, M.D.* 


Pratt, THOMAS, AND BERGER! in 1947 
published a series of three cases in 
which death followed manipulation of 
the neck during chiropractic treatment. 
More recently Ford and Clarke? have 
published an account of two cases in 
which injury to the central nervous sys- 
tem followed manipulation of the neck; 
manipulation in these cases consisted of 
a rotary movement. They described a 
patient who became dazed, vertiginous, 
and nauseated after such a manipula- 
tion; he had loss of vision in his right 
eye and noises in his right ear; his left 
arm also became clumsy; and he was 
unable to sit up because of a tendency 
to fall to the left. At autopsy a few days 
later the basilar artery was found to 
contain two thrombi, and there were also 
thrombi in the left posterior cerebellar 
artery and the left posterior inferior 
cerebellar artery. Ford and Clarke con- 
sidered that the lesion in their case was 
most probably in the vertebral artery, 
and possibly had occurred at the joint 
between the axis and the atlas where 
rotation of the head chiefly takes place. 
They considered that interference with 
the vertebral artery blood flow presum- 
ably led to secondary thrombosis higher 


up. It is not necessary for a patient to 
be manipulated by a chiropractor to 
have some of the symptoms due to in- 
termittent vertebral artery compression, 
as the patient may occasionally produce 
such symptoms by moving his own neck 
in a specific position. We were led to 
continue researches into this problem 
because of patients who complained of 
vertigo in relation to head movement. 
Some patients may complain, without 
being questioned, that they feel dizzy 
and markedly ataxic when they look up- 
ward, to put an electric light bulb in 
its socket for example, and these symp- 
toms may continue for some minutes 
after the head is back in the normal 
position. We have found a number of 
patients who have complained of marked 
vertigo on turning the head to one side 
or upward and keeping it there for a 
variable interval of time. 

Ford® described a 17 year old boy who 
developed attacks of syncope followed 
by vertigo, unsteadiness, nystagmus, and 
diplopia, which he could produce by 
forcing the head upward, but which 
also often occurred for no apparent rea- 
son. Roentgenograms of the boy’s cer- 
vical spine revealed a defect in the 
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odontoid process; the application of a 
cast to immobilize the head relieved 
all the symptoms. At a later operation 
there was found to be excessive mobility 
of the second cervical vertebra, and sur- 
gical fusion of the upper cervical spine 
was followed by complete relief of all 
symptoms. Ford concluded that it could 
not be decided whether the defect in 
the odontoid process was the result of 
injury or a defect of development, but 
he presented evidence to show that dis- 
placement of the axis led to transient 
obstruction of the vertebral arteries and 
that an interruption in the circulation 
of the brainstem was responsible for 
the boy’s symptoms. De Kleyn and Ver- 
steegh* classified various kinds of ver- 
tigo, and in one of their groups they 
showed that turning of the head upon 
the trunk could produce vertigo and 
nystagmus. 

Biemond? described a series of cases of 
thrombosis of the basilar artery and dis- 
cussed the vascularization of the brain- 
stem; in his paper he commented, “dur- 
ing twisting of the head in a right or 
left backward direction, there was first 
a repeated appearance of a horizontal- 
rotatory type of nystagmus, and second, 
the frequent appearance of pathological 
plantar reflexes and slight dysarthria.” 
The literature is replete with comments 
by other authors on the effects of turn- 
ing of the head to produce nystagmus, 
vertigo, and possibly even dysarthria, 
with abnormal plantar responses. The 
authors have found that some cases of 
subjective and objective dizziness which 
are produced by changes of posturing 
the head are most probably due to ob- 
struction of the vertebral artery, with 
resultant anoxia of the basilar system, 
and that some of these patients may be 
relieved by anticoagulant treatment. 


CASE REPORTS 


Case 1. A 67 year old woman in 1945 had 
had attacks of “fogginess” when she arose from 
a bending position. She stated that she was 
told at that time she had high blood pressure 
and anemia. In 1946 the patient had sudden 
onset of paralysis of the left arm and leg, which 
recovered within four to five months. She stat- 
ed that in 1949 she had some sort of attack in 
which she awoke her husband saying that she 
was ill and a few minutes later she was unable 
to speak; this episode lasted for three months. 
In 1952 the patient had the first of a series of 
periods of unconsciousness; she thought they 
had occurred when turning her head, although 
since then she has had further similar episodes, 
unrelated to turning her head. In one of these 
attacks she had been unconscious for 15 min- 
utes, the attack occurring at the meal table 
when her head suddenly fell forward into her 
plate. 
During the years from 1952 to 1955 the pa- 
tient continued to have occasional periods of 
unconsciousness which only lasted for a second 
or two. When first seen in May 1956, she stated 
that since September 1955 she had had recur- 
rent attacks of falling unconscious on her face, 
sometimes with vomiting, and she noticed that 
after these attacks a single movement of the 
head would produce an impression of violent 
swaying of the bed, which at times continued 
for five to six hours. These attacks continued, 
and her family had been forced to leave some- 
one at home with her permanently, since they 
were afraid of what might happen if she had 
an attack alone. One of the patient’s chief com- 
plaints was that movement of the head, espe- 
cially backward, caused her to stagger. In 
addition, she felt that she had been gradually 
developing a more or less continuous ataxia, 
which occurred mainly in getting up to a 
standing position and often lasted from five to 
15 minutes. Her daughter commented that her 
unsteadiness had become progressively worse. 
Another complaint was that she was unable to 
move her head without making the’ staggering 
very much worse, and this was her reason for 
being examined. 

On examination the fundi and fields were 
normal, Extraocular movements full. No nys- 
tagmus was seen in the resting position. The 
pupils were equal, reacting to light and con- 
vergence. There was some vague sensory 


j 
i 


change over the left side of the face, and the 
only other cranial nerve abnormality was gross 
deafness which she had had for 20 years. 

An audiogram performed later suggested a 
bilateral mixed type of deafness with percep- 
tive deafness predominating; caloric tests at 
a later date were essentially normal. 

A physician who saw her in consultation 
said that the patient did not appear to be a 
case of typical Méniére’s disease. 

There was a slight reduction of power in the 
left hand, with some vague sensory changes 
of a somewhat dubious nature; her reflexes 
were equal. In the legs there was some vague 
impairment of sensation over the left side, but 
reflexes were equal and plantar responses were 
flexor. Blood pressure was 180/64. 

The patient was admitted to the hospital for 
observation with a diagnosis of an old stroke, 
with minimal residue and possible intermittent 
basilar insufficiency. Routine investigations 
while in the hospital were essentially normal. 
An electroencephalogram showed no abnor- 
mality or evidence of epilepsy. While on the 
ward the patient continued to complain of 
marked dizziness in changing from one posi- 
tion to another and marked dizziness on turn- 
ing the head backward or to the side. It was 
observed that the ataxia which had been noted 
previously continued; she was unable to am- 
bulate very well down the hospital corridor, 
and had been observed to walk continuously 
close to walls, chairs, or other objects that 
might give her support. It was decided to try 
anticoagulant treatment on the basis that her 
symptoms, especially the attacks of uncon- 
sciousness, could be due to basilar insufficiency. 

Her prothrombin time took at least four 
days to reach therapeutic levels and during this 
time the patient continued to complain of diz- 
ziness and of vertigo produced by changes in 
the head, but as soon as prothrombin times 
reached therapeutic levels her symptoms dis- 
appeared. Not only did her gait improve so 
that she was able to walk about normally, but 
in addition she was able to put her head into 
any position without vertigo or dizziness. This 
was a dramatic relief from her previous symp- 
toms. She was eventually discharged home, 
with prothrombin time levels running at 32 sec- 
onds. She has continued to receive prothrom- 
bin therapy. On one occasion, although the 
patients did not know it, her prothrombin leve! 
dropped to under 20 seconds, whereupon she 
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complained of some minimal “lightheadedness” 
again. 

During the succeeding months the patient 
has continued well, and no further attacks of 
unconsciousness have occurred, nor have any 
further attacks of dizziness been produced by 
movement of the head. She has been able to 
walk normally, and her family has been able 
to leave her at home to look after herself. 

Case 2. A 74 year old veteran was seen in 
the Queen Mary Veteran’s Hospital. This pa- 
tient had been seen previously in the neuro- 
logic outpatient department because of attacks 
of acute dizziness which were precipitated by 
head changes. At that time it was found that 
the patient had no pulsation in his left carotid 
artery; his symptoms were diagnosed as carotid 
syncope by another observer. When he was 
seen in 1951 and again in 1952, it was consid- 
ered that his symptoms were “postural” ver- 
tigo because he did show nystagmus on turn- 
ing his head to the left immediately after ly- 
ing down. In February 1956 it was found that 
positional testing produced vertigo only when 
his left ear was down. At the time of his latest 
admission the patient stated that he was un- 
able to walk about the street, because he was 
afraid of what would have happened if he 
became dizzy; in addition, he had minimal 
unsteadiness all the time. He also complained 
that he became dizzy when he arose from a 
supine to a standing position (by dizziness, the 
patient meant that he felt unsteady) and at 
one time he had actually fallen and hurt his 
left hip. 

In recent weeks the patient had also com- 
plained of “numbness” in his left hand and 
arm; by this the patient meant it was not 
normal, that his sensation was not good. The 
patient was not a very clear witness and he 
could not describe exactly what he meant by 
“numbness,” except that he did comment that 
these symptoms in his left arm could be pro- 
duced by getting up from the supine position 
or by turning his head from side to side. 

On examination the fundi and fields were 
normal. The right pupil was slightly larger 
than the left, but both reacted to light and 
convergence. Extraocular movements were full 
and there was no nystagmus produced except 
by turning his head to the left, when he com- 
plained of “dizziness.” There was no obvious 
facial weakness. The jaw movements were nor- 
mal. There was no gross deafness and no loss 
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of facial sensation. Posture was well maintained 
in both arms and the power was good. The 
supinator and biceps jerk and possibly the left 
triceps jerk were more marked on the left 
compared with the right. The patient had a 
vague sensory loss which did not follow any 
peripheral nerve distribution in the left arm. 
In his neck the left carotid artery was felt very 
poorly, but the right carotid pulsated well and 
had a systolic murmur over it. 

The power in his legs was good and the 
plantar responses were flexor; his reflexes were 
present and equal, and there were no obvious 
sensory changes. The patient’s gait was ataxic, 
and he tended to cling to the walls, especially 
as he turned around. He was examined re- 
peatedly over a number of days, and he per- 
sisted in his report that he felt “dizzy,” 
“woozy,” and “drunk” if he bent his head 
down and then looked up; also if he turned his 
head to the left, he felt the same symptoms. 
He stated that he had no symptoms at all if 
he turned his head to the right. The patient 
was quite confident that it was turning his 
head that produced his symptoms, if he kept 
his body still, but he commented that he did 
not feel dizzy at all if he turned his body as 
a whole around to the left. 

The patient had routine skull roentgeno- 
grams which were normal. He also had an 
electroencephalogram, which was performed 
on a tipping table and which did not seem to 
produce any abnormalities. His cerebrospinal 
fluid Wassermann reaction was negative, and 
the cerebrospinal fluid was normal in all re- 

s. 

It was decided to examine him on a Stryker 
bed so that movement of the head upon the 
trunk could be done independently one on the 
other. First the patient was moved around an 
axis with the neck and trunk fixed, so that there 
was no movement of neck against the trunk. 
The patient was rotated through 180° and then 
to 360°, both to the left and then to the right. 
This was repeated on three separate occasions 
and the patient had no subjective changes 
whatsoever (the rotation of 180° through to 
360° was performed in a time interval of ap- 
proximately four to six seconds). Next the trunk 
was fixed and the neck was moved on the trunk 
as follows: the head was turned to the side, 
first to the left and then to the right. When the 
neck was turned to the left and held there for 
approximately 10 to 15 seconds, the patient 


complained of dizziness and lightheadedness; 
when the head was turned to the right side in 
the same way for the same period of time, he 
felt a little dizziness, but not as much as on the 
left. This was repeated on two separate occa- 
sions with the same results; objectively it was 
noted that nystagmus was produced on either 
side with these procedures. Next the patient’s 
head was fixed on a Stryker bed and his trunk 
was turned, first to the left and then to the 
right, the head being fixed backward in a 
straight alignment with the body. When the 
patient’s trunk was turned to the right, he 
complained of dizziness approximately five sec- 
onds later, and on examination it was found 
that there was marked nystagmus on looking to 
the left laterally and less nystagmus on looking 
to the right. This procedure was then per- 
formed on the opposite side, and similar symp- 
toms of dizziness and nystagmus were pro- 
duced. It was noted after the last procedure 
that the patient felt continuously dizzy for at 
least 15 to 20 minutes. 

The patient was then placed on anticoagu- 
lant therapy, and when his prothrombin time 
was at a satisfactory level, the procedures were 
repeated. Rotation of the entire head and body 
in either direction through a 360° turn pro- 
duced, as previously, no subjective or objective 
symptoms. When the head was turned against 
the fixed body, no subjective symptoms were 
produced and no nystagmus was observed 
either on turning to the right or left; similarly, 
turning the body when the head was fixed pro- 
duced neither objective signs nor subjective 
symptoms. This patient has continued on anti- 
coagulant treatment to date and he has felt 
very much improved. He has shown marked 
improvement in walking, and changes in head 
posture do not produce any symptoms at all 
during his everyday life. 

Case 3. A 63 year old man was seen at the 
Queen Mary Veteran’s Hospital. He had pre- 
viously been admitted to the neurology ward 
in January 1956 because of sudden onset of de- 
creased vision and pain in his left eye, which 
was considered to be due to thrombosis of the 
ophthalmic artery. The patient’s presenting 
complaint on this particular admission was that 
he felt unsteady and dizzy when he got up 
quickly, and that this had occurred over the 
last two years. The patient complained that 
two or three times a week he had attacks of 
unsteadiness and dizziness which appeared to 
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be precipitated by turning his head to the left, 
and possibly also by holding or turning his 
head backward. The patient also complained 
that he had had numbness over the left side of 
the face on one occasion when he felt dizzy; 
this had occurred on two separate occasions 
during the week before he was admitted. 

On examination his blood pressure was 
165/90. His heart was within normal limits. 
Examination of the central nervous system 
showed a moderate degree of ataxia on walk- 
ing, especially on turning, when he appeared 
very unsteady. When the patient’s head was 
turned to the left, it produced a moderate de- 
gree of unsteadiness and also nystagmus. This 
patient had a severe degree of left optic atro- 
phy, but otherwise the optic nerves were nor- 
mal. His pupils reacted to light and conver- 
gence. Extraocular movements were full and 
there was no spontaneous nystagmus. The rest 
of the cranial nerves were normal. 

Posture was well maintained in his arms and 
his power was good. Muscle tone was within 
normal limits. The reflexes were sluggish and 
there was a little dubious incoordination in his 
left arm, possibly compatible with age. Power 
in his legs was good and reflexes were present 
but sluggish; the plantar responses were flexor; 
sensation was within normal limits. Examina- 
tion of this patient’s ears, nose, and throat by 
a consulting physician showed bilateral percep- 
tion deafness in an audiogram, but a normal 
caloric test. Roentgenograms of the skull and 
the cerebrospinal fluid values were normal. 
Electroencephalogram was also normal, but this 
was not performed upon a tipping table. The 
patient was observed on the ward for a week, 
and during this time it was suggested to him 
that he was going to improve markedly on 
nicotinic acid tablets. During this period he 
was re-examined repeatedly by different ob- 
servers and the patient’s objective and subjec- 
tive symptoms and signs continued much as 
before. 

He was examined on a Stryker bed. He was 
turned entirely with the head fixed to the 
trunk to inhibit head movement on twisting 
the neck. First he was turned 180° and then 
360°, both to the right and then to the left 
in approximately four to six seconds. He did 
not complain of dizziness during this maneu- 
ver. Following this, the trunk was fixed and 
the head was then turned first to the left and 
held there, then to the right and held there 
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for a short period of time. When the head was 
turned to the left, the patient complained that 
he felt a pressure over the left side of his head; 
similar symptoms were felt when the head was 
turned to the right, but on this occasion he 
noticed jumping of objects in the horizontal 
plane of his eyes. When the procedure was 
repeated again the jumping of the objects re- 
curred, but no objective nystagmus was seen. 
The head was then fixed backward and the 
body was turned, first to the left and then to 
the right, again very slowly, and held there for 
a period of one minute. When the trunk was 
turned to the left, the patient complained of 
a feeling of floating and of falling to the left 
side, and he became tremulous, anxious, and 
started to perspire all over. When the trunk 
was turned to the right side, the patient com- 
plained only of a feeling of pressure over the 
left side of his head. 

These experiments were repeated and simi- 
lar symptoms and signs produced on another 
occasion. The patient was then placed on anti- 
coagulant treatment. When his prothrombin 
times were considered to be at therapeutic 
levels, he was much improved subjectively. He 
felt that his gait was normal, he found that he 
was able to turn his head without precipitating 
attacks of dizziness, and the tingling which he 
previously complained of over the left side of 
his face also disappeared. At this stage, the ex- 
periments previously reported were repeated 
as follows: again the turning of the body and 
head together through 180° to 360° produced 
no abnormal symptoms or signs, but turning 
of the head to the left side did produce some 
abnormal feeling after about 40 seconds, asso- 
ciated with a slight degree of nystagmus. Turn- 
ing the head to the right side with the body 
fixed produced no symptoms. Following this 
experiment, the patient’s head was fixed and 
his body turned, first to the left and then to 
the right, and on this occasion no objective 
signs were seen, although the patient com- 
plained of a vague feeling in his face and be- 
came very anxious. 

The patient has since continued on anticoag- 
ulant treatment and has remained subjectively 
well. 


DISCUSSION 


A recent article by Ryan and Cope* 
states that disease of the neck is a not 
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Fic. 1A. Roentgenogram of vertebral arteries in 
anteroposterior planc. 


Fic. 1B. Roentgenogram showing effect on verte- 
bral arteries of turning head to right. 
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Fic. 1C. Roentgenogram showing effect on verte- 
bral arteries of turning head to left. 


Fic. 1D. Roentgenogram in anteroposterior plane 
showing vertebral arteries have returned to nor- 
mal configuration. 
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uncommon cause of vertigo in man, and 
these authors suggested that this syn- 
drome should be called cervical vertigo. 
They divided their groups of patients 
into 1) those with cervical spondylosis, 
2) those patients who were treated by 
neck traction and who developed ver- 
tigo, and 3) those patients with certain 
types of neck injury. 

These authors described their cases 
as all having pain in the back of the 
neck and in the occipital region, which 
was sometimes accompanied by stiffness 
of the neck. They stated that, after a 
varying latent interval, recurrent pos- 
tural vertigo occurring on lying down 
or on bending the neck into certain 
positions is noted. This syndrome may 
be reproduced and nystagmus can be 
induced by bending the neck, but not 
by merely positioning the head in space. 
They commented that the prognosis is 
good and that relief may be obtained 
by wearing a cervical collar. In their 
discussion, the authors suggest that trau- 
ma to the neck causes an alteration in 
the proprioceptive impulses from the 
end-organs and that the pain and re- 
actionary edema which occur for a var- 
iable time will act as a splint in the neck. 
Subsequently, when these become less 
effective, particularly when the neck is 
relaxed, more stretching will occur, caus- 
ing further alterations in the impulses 
reaching the cerebellum and vestibular 
nuclei. They comment that, in the same 
way, false information reaching their 
centers from the disease vestibule or 
otolith ultimately causes consciousness 
of disorientation of the body in space, 
so their group of patients experience 
vertigo associated with nystagmus. 

On the other hand, their hypothesis 
was not actually proved, partly because 
they did not inject novocaine to relieve 


the pain and reactionary edema which 
they described. These same authors, 
commenting on the fact that others at 
first suggested that nystagmus might be 
induced by occlusion of the vertebral 
artery when the head was held in certain 
positions, concluded that the vertebral 
artery was not involved in causing any 
symptoms in these cases, because the 
only abnormalities were vertigo and nys- 
tagmus and no wider involvement of the 
central nervous system was ever demon- 
strated. To our way of thinking, this ar- 
gument does not prove that the vertebral 
artery was not involved simply because 
objective symptoms and signs were ab- 
sent; surely it is only a matter of degree 
of obstruction. 

It is thought that the symptoms in our 
cases could not be related to labyrin- 
thine irritation or to any disease of the 
utricle or saccule, because symptoms 
were not produced when the body was 
postured with the head kept in the same 
alignment. On the other hand, we have 
concluded that impairment of the brain- 
stem vasculature can be due to vascular 
insufficiency or to obstruction of the ver- 
tebral artery by neck movements; some 
evidence for this is given by the fact that 
there was a marked improvement sub- 
jectively and objectively on anticoagu- 
lant treatment. 

It is of great interest that de Kleyn 
and Versteegh* described a decrease of 
vertebral circulation on one side when 
the head was turned backward and to 
the opposite side in postmortem ma- 
terial. They commented also that there 
was no difficulty in stopping the circu- 
lation in one vertebral artery when the 
head is twisted backward and then 
turned to the opposite side. The reason 
that symptoms do not occur in normal 
individuals is that there is adequate cir- 
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culation from the other side, and it is 
only when the arteries are diseased or 
absent that symptoms or signs occur. 
Circulatory effects are to be expected 
when there are vascular abnormalities 
or when there is a moderate to severe 
degree of arteriosclerosis. An additional 
factor, of course, could be that there 
may be only one vertebral artery filling 
the basilar system; in this case, the oc- 
clusion of one vertebral artery would 
obviously be very effective in completely 
cutting off the circulation of the basilar 
artery. A further etiologic factor may be 
pressure on the vertebral artery by cer- 
vical osteophytes, as described by Rad- 
ner’ and discussed by Bartschi-Rochaix.* 
We have concluded that turning of the 
neck on the body must be performed to 
an extreme degree to cut off the ver- 
tebral artery in a normal person, but, if 
this person has some superadded arterio- 
sclerosis or if there is an incipient throm- 
botic lesion occurring in the basilar sys- 
tem, this cutting off of the vertebral ar- 
tery is enough to produce symptoms and 
could cause collapse and death. 

The question now arises as to the 
exact anatomic site where this obstruc- 
tion of the vertebral artery could occur. 
One of us undertook experiments to 
show that, in the cadaver, the interver- 
tebral artery was obstructed when the 
neck was turned. The technic consisted 
of an injection of a solution made up of 
gelatin 10 gm., mucilage acacia 20 gm., 
barium sulphate 300 gm., and water 400 
gm. This solution was warmed to a tem- 
perature of 70°C. and then 10 cc. was 
injected simultaneously into each verte- 
bral artery under slight pressure and the 
pressure maintained throughout the ex- 
periment. Radiologic pictures were then 
taken in the anteroposterior plane (fig- 
ure 1A), showing a normal configuration 
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of both vertebral arteries. The neck was 
then turned to the right (figure 1B) and, 
as can be seen from the drawing, the 
left vertebral artery showed a marked 
narrowing of its lumen at the level of 
atlas and axis on the roentgenogram. 
A further film was then made (figure 
1C) with the head turned to the left 
and, as can be seen from the drawing, 
again a marked narrowing of the right 
vertebral artery occurred. Finally a fur- 
ther anteroposterior roentgenogram was 
made after the head had been manipu- 
lated, which showed that the barium 
mixture had returned to its previous 
normal configuration (figure 1D). 

It is of some incidental interest that, 
in figure 1B, an interruption of the right 
vertebral artery has taken place by an 
osteophyte between C-5 and C-6; this, 
as pointed out earlier in the discussion, 
shows that osteophytes could add ma- 
terially to vertebral artery flow. 

In discussing obstruction of the ver- 
tebral artery at the level of atlas and 
axis, it is interesting to note the work 
of Corner.® He studied the physiology 
of the lateral atlanto-axial joint and stat- 
ed that there is an asymmetric eccentric 
rotation of the atlas on the axis during 
ordinary easy movements. When the 
head is turned to the right, the right 
atlanto-axial joint is practically fixed by 
the muscles of the neck and only the left 
side of the atlas moves downward and 
forward on the axis. In fact, the atlas 
pivots on the lateral atlanto-axial joint 
of the side to which the head is turned, 
but extreme or forcible rotation of the 
head is always effected by symmetric 
rotation of the already asymmetrically 
rotated atlas on the axis. In other words, 
the symmetric rotation is superimposed 
on the asymmetric one. 

Our observations may well explain 
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that there could be diminished circula- 
tion in one vertebral artery during ordi- 
nary head movement of daily life due 
to the asymmetric eccentric rotation of 
atlas on the fixed atlanto-occipital joint 
of opposite side. 


SUMMARY 


1. Three cases showing neurologic 
signs and symptoms related to turning 
of the head are described. 
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2. Results of anticoagulant treatment 
in these patients were found to be sat- 
isfactory. 

3. The relationship of chiropractic ma- 
nipulation of the neck to sudden death 
from vertebral artery occlusion is dis- 
cussed. 

4. Experimental evidence to show that 
the vertebral artery can be markedly 
narrowed by neck turning is shown by 
injection of the artery in a cadaver. 


We are grateful to Dr. Francis McNaughton and to Dr. Donald McRae of the Montreal Neuro- 
logical Institute for helpful advice and criticism, and to Doctor Decker of the Nervenklinik, Miin- 
chen, for advice on technical methods. We are also grateful to Doctor Jean of the Queen Mary 
Veteran’s Hospital for allowing access to postmortem material, and to Mr. Fisk, senior x-ray tech- 
nician of this hospital, for making the roentgenograms. Miss Sweezey of the Queen Mary Vet- 
eran’s Hospital kindly drew the diagrammatic versions of the roentgenograms. 
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@ It may seem a pedantic refinement to distinguish betwecn loss of function 
and pathological process in cases where, for example, a clot has destroyed 
fibres, where the function and the fibers are gone together by one blow. Not 
so, since the hemiplegia depends on loss of function, however produced — by 
softening, by tumour, or by mechanical injury; we may be sure of the abnor- 
mal physiological state, loss of function, and yet have to wait for the necropsy 
to tell us the nature of the pathological process which produced it. Again, 
although in most cases of hemiplegia there is destruction of fibres, there is in 
the epileptic hemiplegia of Dr. Todd — post-epileptiform hemiplegia, I call 
it — (temporary) loss of function of fibres and no destruction of them. As 
some would put it, hemiplegia is “only a symptom”; but it is a symptom always 
signifying the abnormal physiological state, loss of function, although the 
pathological processes effecting that loss are various. 

J. Hughlings Jackson in Remarks on the Diagnosis and 

Treatment of Diseases of the Brain, published in 1888. 
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The Kayser-Fleischer Ring 


A Histochemical and Electron Microscope Study 


L. Lahut Uzman, M.D.° and Marie A. Jakus, Ph.D.** 


ON INVITATION by the Faculty of Medi- 
cine of the University of Paris, Wilson’ 
gave a lecture in 1921 on the disease 
that bears his name, in the course of 
which he dismissed the pathognomonic 
significance of the Kayser-Fleischer ring 
in a summary fashion: 

“La pigmentation en vért du bord de la cor- 
née est d’un intérét considérable: on I’a re- 
marquée dans plusieurs cas de pseudosclérose, 
mais autant que je sache, dans deux cas seule- 
ment de la dégénération lenticulaire progréssive 
(Pollock, Sjovall-Séderbergh). Elle a manqué 
plus souvent dans toutes les deux afféctions, de 
sorte qu'on ne peut pas la considérér comme 
pathognomonique ni de l'une ni de l'autre.” 

This disavowal of perhaps the only 
pathognomonic sign in neurology is not 
too surprising, in view of Wilson’s re- 
fusal to consider the group of cases des- 
ignated as “Westphal-Striimpell’s pseu- 
dosclerosis” as belonging to the morbid 
entity which he himself had described 
as “progressive lenticular degeneration.” 
Wilson’s biased view exemplifies the at- 
mosphere in which much of the subse- 
quent investigations were conducted, 
even though the Kayser-Fleischer cor- 


neal ring has since come to be recog- 
nized as characteristic of hepatolenticu- 
lar degeneration.? Its unique appear- 
ance and significance are still the subject 
of much study, speculation, and contro- 
versy. 

Ever since the peculiar coloration at 
the limbus of the cornea was noticed by 
Kayser in 1902 and its association with 
cirrhosis of the liver and pseudosclerosis 
described by Fleischer in 1909* and fur- 
ther in 1912.4 attention has been focused 
on this phenomenon as representing a 
generalized metabolic disturbance claim- 
ing a common origin with the diffuse 
glial changes in the brain and cirrhosis 
of the liver. Thus, in 1912 Fleischer* 
called attention to the generalized nature 
of pigment deposition, especially in 
“structureless” tissues like Descement’s 
membrane, the vitreous membrane of 
the choroid, basement membranes of 
different glands, and the sarcolemma of 
striated muscle. 

It was this aspect of the problem that 
prompted many investigations on the 
Kayser-Fleischer ring, because it was 


From the department of neurology, Harvard Medical School, the Harvard Neuselaglo Unit of Boston 
City Hospital, and the Retina Foundati departm 


and Ear Infirmary and Harvard Medical School, Boston, Massachusetts. 
*Supported by a research grant (B-712) from the National Institute of Neurological Diseases and 


Blindness, U.S. Public Health Service. 


*°Supported by a research grant (B-454) from the National Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service, and by the Americna Optical Company. 


t of ophthal gy, Massachusetts Eye 


j 
5 
4 
_ 


342 


justifiably assumed that elucidation of 
the composition of the ring could consti- 
tute a valuable clue in defining a meta- 
bolic or toxic process that Wilson him- 
self had postulated as probably respon- 
sible for the disease.® 

Yet, early attempts at histochemical 
study of the Kayser-Fleischer ring had 
two main obstacles to overcome. One 
of these was the paucity of corneas to 
study. Unless a patient died while under 
study by interested observers, postmor- 
tem material was either obtained in a 
rather sorry state of fixation, or not ob- 
tained at all. The second difficulty lay 
in the fact that, in those cases in which 
the cornea was recovered post mortem, 
the Kayser-Fleischer ring was lost either 
in alcohol fixation®* or during the ether- 
ethanol treatment in celloidin embed- 
ding.** Failure to recognize this fact 
has undoubtedly resulted in the loss of 
many valuable specimens, as was the 
case in one of the corneas reported here. 
Furthermore, compositional differences 
found between corneas removed from 
patients with Kayser-Fleischer rings and 
normal human corneas could be referred 
only by inference to the presence of a 
Kayser-Fleischer ring, because the mi- 
croanalytic data referred to the cornea 
as a whole and not specifically to the 
corneal ring itself. Some of the reasons 
for the conflicting views concerning the 
chemical nature of the Kayser-Fleischer 
ring can be traced to the difficulties enu- 
merated above. 

That the corneal coloration might be 
due to deposition of some heavy metal 
was one of the earliest ideas entertained, 
especially in view of the resemblance of 
the corneal ring in hepatolenticular de- 
generation to the more superficial con- 
junctivocorneal ring of argyrosis.? The 
finding of large amounts of silver and 
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copper in the viscera in an early report® 
was often quoted as evidence for the 
accumulation of silver in this disease. 
Investigations by Rohrschneider'®"! were 
specifically directed at disproving this 
point, though an increase in copper and 
zinc proved an incidental finding. As 
late as 1936, the question of silver de- 
position constituted a major controver- 
sial point, until the absence of silver and 
the presence of copper were conclusively 
shown by histospectroscopic examina- 
tion of the region of the ring by Policard, 
Bonnet, and Bonamour.!” 

Concurrently with concepts accusing 
heavy-metal deposition as the origin of 
the Kayser-Fleischer ring, we find a 
parallel line of thought that considered 
the corneal pigment as derived from the 
breakdown of hemoglobin and the de- 
position of some polypyrrole derivative 
in Descemet’s membrane.*!* The reason 
for the advocacy of this concept seems 
to have been the belief that kernicterus 
and Wilson’s disease might be related 
by a common pathogenesis. Typifying 
this attitude is Kubik’s claim of having 
obtained a spectral absorption pattern 
similar to that of a “concentrated uro- 
bilin” solution® by use of an ingenious 
device designed for in vivo spectroscopic 
examination of the light reflected from 
the corneal limbus. There were no ob- 
jective records of the exact location or 
intensity of absorption bands observed, 
but only the corroborating testimony of 
two colleagues who were invited to ob- 
serve the phenomenon. Aside from the 
frequently noted greenish tinge of the 
corneal ring, there seems to be no other 
evidence to indicate any relationship to 
bile pigments and their derivatives. 

The earliest proponents of the hy- 
pothesis espousing copper as the depos- 
ited material in the Kayser-Fleischer ring 
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were in total ignorance of the abnor- 
malities in copper metabolism that char- 
acterize many aspects of the disease, as 
the conclusive demonstration of an in- 
creased copper content of liver and brain 
in hepatolenticular degeneration was not 
effected until 1930 by Haurowitz."* Yet, 
in 1922 Jess,"° basing his conclusions on 
his own observations of the deposition 
of “copper carbonate” in the cornea in 
cases where splinters of copper were 
accidentally introduced in the eye and 
also on those by Siemerling and Oloff'* 
where a sun-burst cataract was observed 
in cases of copper foreign bodies in the 
eye, suggested that the Kayser-Fleischer 
ring might have a similar origin in “en- 
dogenously-deposited” copper. He was 
careful, however, to note that the de- 
posits observed in the cornea as sequels 
to copper-containing foreign bodies re- 
sulted in the deposition of pigment be- 
tween the endothelial iayer and Desce- 
ment’s membrane, while the pigment of 
the Kayser-Fleischer ring is within Des- 
cement’s membrane itself.15 Thereafter, 
the question of copper deposition in the 
Kayser-Fleischer ring was left dormant 
for more than two decades, except for 
the previously cited observations of Poli- 
card and co-workers,’? until the anom- 
alies in copper metabolism in this dis- 
ease were brought to light by the clin- 
ical studies of Denny-Brown and Por- 
ter,’ the pathologic documentation by 
Cumings,’* and the work of other inves- 
tigators’®-°? following a chance observa- 
tion by Mandelbrote and _ associates.”* 
The studies of Brand and Takats in 
19517 confirmed the earlier results on the 
solubility of the Kayser-Fleischer ring in 
ethanol and ether-ethanol mixtures. They 
were, however, hampered by the use of 
the older rubeanic acid method of Oka- 
moto and Utamura,”4 in which the histo- 
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chemical localization of copper is not 
specific with respect to structural detail, 
inasmuch as the copper diffuses to sur- 
rounding areas before the insoluble 
black-rubeanate is formed in_ situ.75 
Thus, in the study by these investigators, 
not only was the copper detectable in 
the zone of the Kayser-Fleischer ring, 
but it was found in a diffuse granular 
form evenly distributed throughout Des- 
cemet’s membrane and throughout the 
extent of the cornea and not limited to 
the corneal limbus. This apparent even- 
ness in distribution of copper through- 
out Descemet’s membrane led_ these 
authors to speculate that there existed 
an affinity between the proteins of Des- 
cemet’s membrane and copper salts, and 
that the copper was deposited evenly by 
diffusion from the anterior chamber. 
They were further supported in this ar- 
gument by the finding of black deposits 
in the substantia propria of the cornea 
after rubeanic acid treatment. Thus, 
although Brand and Takats were able 
to show excessive amounts of copper in 
the cornea, the relationship of the cop- 
per to the Kayser-Fleischer ring re- 
mained unanswered, since their infor- 
mation only complemented the earlier 
data of Policard and co-workers! and 
others!®:!! that the cornea contains in- 
creased amounts of copper in hepato- 
lenticular degeneration. 

The present investigation deals with 
the application of a modified rubeanic 
acid procedure for the detection of cop- 
per in situ.2> Corneas from two patients 
with hepatolenticular degeneration were 
studied. In the first case, since the Kay- 
ser-Fleischer ring was lost due to pre- 
vious fixation with absolute ethanol, at- 
tention was focused on the deposition of 
copper in the substantia propria. In the 
second case the Kayser-Fleischer ring 
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itself was studied and the presence of 
copper in the granules constituting the 
ring was demonstrated. Electron micro- 
scope studies of the area of Descemet'’s 
membrane comprising the corneal ring 
revealed further structural details which 
may be of significance in explaining the 
variations in color of the ring in vivo 
and the manner in which it is formed. 


MATERIAL 


Cornea 1. Removed at autopsy from a 
17 year old girl who died in hepatic 
coma at Walter Reed Army Hospital, 
Washington, D.C. The patient was ad- 
mitted with jaundice six days before 
death, and at that time exhibited no 
neurologic signs, but presented evidence 
of severe hepatic cirrhosis and portal hy- 
pertension (ascites, splenomegaly, eso- 
phageal varices). She had early, but 
well-defined, Kayser-Fleischer rings bi- 
laterally. Two other siblings, aged 13 
and 15 respectively, had died of “idio- 
pathic juvenile cirrhosis” confirmed by 
necropsy. The diagnosis of hepatolentic- 
ular degeneration was made on the basis 
of this information and the presence of 
amino-aciduria. A detailed description 
of this case with pathologic findings has 
already been given elsewhere.** The eye 
was removed six hours after death and 
fixed in absolute ethanol. Paraffin sec- 
tions were prepared in the usual man- 
ner, mounted on clean slides and treated 
for the histochemical detection of cop- 
per as previously described.** 

Cornea 2.* Removed at autopsy from 
an 18 year old girl who had had the 
classic features of Wilson’s disease since 
the age of 12. She had been studied on 
©We are indebted to Dr. H. Yannet, medical director 
of Southbury Training School, Southbury, Connecticut, 
for providing us with this specimen and for his per- 


sonal interest and assistance in sending it to us with 
minimum delay. 


three separate admissions at the Harvard 
Neurologic Unit of Boston City Hos- 
pital, and had been finally institutional- 
ized due to her severe disabilities. At 
the time of death the patient had had 
well-defined bilateral Kayser-Fleischer 
rings for at least six years. The eye was 
removed 12 hours after death, fixed in 
10 per cent formalin, and shipped to the 
authors within four days after removal. 


RESULTS 


Copper Deposition in the 
Substantia Propria 

Since cornea 1 had unfortunately been 
fixed in absolute ethanol, no observa- 
tions on the Kayser-Fleischer ring could 
be made, inasmuch as the ring had been 
dissolved out. This specimen served ad- 
mirably, however, for the demonstration 
of the diffuse deposition of copper in the 
susbtantia propria throughout the limits 
of the cornea. Sections stained with the 
modified rubeanic acid procedure* 
showed dense, granular depositions on 
the surfaces of the substantia propria 
fibrils (figures 1 and 2). Bowman’s mem- 
brane, Descemet’s membrane, the outer 
epithelial layer, and the endothelial layer 
did not show any copper deposition. The 
histochemical specificity of this deposit 
and the non-artefactual nature of this 
change was established by using two 
normal corneas, fixed and treated in 
identical manner as cornea l, as con- 
trols (figures 3 and 4). Thus, the obser- 
vation of Brand and Takats? that the 
substantia propria may contain copper 
in a diffuse manner was confirmed. Fur- 
ther tests on sections of cornea 1 estab- 
lished the following characteristics: 

1) The diffusely deposited copper in 
the substantia propria was insoluble in 
ethanol (as also proved by the fixation ), 
methanol, acetone, chloroform-methanol 


Fic. 1. The distribution of copper in cornea 1. The copper-rubeanate is tocalized within the substantia 
propria. The stratified epithelium layer (A) and Bowman’s layer (B) contain no copper. The copper seen 
on the surface of the epithelium (top) represents metallic deposit in a ptergium. No counterstain. (x 520) 
Fic. 2. Central portion of the inner surface of cornea 1, stained with rubeanic acid, The copper-rubeanate 
is localized within the substantia propria. Descemet’s membrane (D) and the endothelial layer are free 
of copper. No counterstain. (520 x). 

Fic. 3. Section of a control cornea treated exactly as cornea 1, stained with rubeanic acid and counter- 
stained with hematoxylin-eosin. No copper can be detected. (x 480). 

Fic. 4, Section of control cornea immersed for 10 minutes in 0.01 per cent copper sulfate, washed with 
distilled water and stained with rubeanic acid. Maximal copper deposition can now be detected in the 
outer epithelial layer, while none appears in the substantia propria (compare with figure 1). Counter- 
stained with hematoxylin-eosin. (x 500). 
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(2:1), and all other organic solvents 
tested. 

2) This copper deposit was soluble in 
and removable by dilute mineral acids, 
glacial acetic acid (1 minute), distilled 
water (37° C. for 24 hours), and 10 per 
cent formalin. 

3) The copper staining was eliminated 
when sections were immersed in 1 per 
cent sodium versenate (adjusted to pH 
7.1) for 30 minutes and the excess ver- 
senate washed off with distilled water. 
The Kayser-Fleischer Ring 

1. Histochemistry 

Studies on cornea 2 showed that for- 
malin fixation had preserved the Kayser- 
Fleischer ring and its relationship to 
structural units of the corneal limbus. 
On macroscopic examination, the ring 
was pale golden yellow on observation 
by perpendicularly reflected light. On 
looking at the endothelial surface, but 
using side illumination, a greenish com- 
ponent appeared in the yellow color re- 
flected by the ring itself. Radial sections 
of this cornea were removed for histo- 
chemical study, and immediately adja- 
cent sectors were used for the extraction 
of lipids and for electron microscope 
study. 

The sector removed for histochemical 
localization of copper was transferred di- 
rectly from the formalin fixative to a 0.1 
per cent solution of dithiooxamide (ru- 
beanic acid) in absolute ethanol. After 
30 minutes 50 mg. of crystalline sodium 
acetate per 50 ml. of rubeanic acid re- 
agent were added without agitation. 
After 24 hours the tissue was processed 
as previously described,”* with the sole 
difference that a 0.1 per cent alcoholic 
solution of cresyl violet was used as a 
counterstain. By this procedure a de- 
tailed histochemical localization of cop- 
per with respect to the Kayser-Fleischer 
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ring was obtained. As can be seen in 
figure 5, the deposition of copper in the 
ring occurred as two distinct parallel 
zones of black deposit in Descemet’s 
membrane at the edge closest to the en- 
dothelial layer. The zone nearer the en- 
dothelial layer (zone A) appeared much 
thinner than the inner zone (zone B), 
but also showed a more dense or com- 
pact packing of tiny granules. Further- 
more, zone A exhibited fusiform swelling 
or periodic variations in thickness at ir- 
regular intervals that gave the impres- 
sion of discontinuities. Examination at 
different depths of focus revealed, how- 
ever, that there was no true discontinuity 
between different swollen segments of 
zone A in its three-dimensional struc- 
ture. We have been unable to show any 
relationship between these thickenings 
in the first layer of copper density and 
the endothelial cell interspaces lying im- 
mediately above Descemet’s membrane, 
although this seemed a likely explana- 
tion if the copper were diffusing into 
Descemet's layer from the anterior cham- 
ber of the eye, inasmuch as the inter- 
endothelial space would constitute less 
of a diffusion barrier to copper than the 
endothelial cell itself. The deposition of 
copper as visualized by the procedure 
did not extend beyond the confines of 
the ring itself along Descemet’s mem- 
brane, being strictly limited to a peri- 
limbic area about 2 mm. in width. Thus 
we were unable to confirm Brand and 
Takats’ observation’ of diffuse and even 
distribution of copper in Descemet’s 
membrane throughout the extent of the 
cornea and throughout the whole thick- 
ness of the membrane. Nor were there 
any copper rubeanate deposits detect- 
able in the substantia propria after for- 
malin fixation. 


Sectors of cornea were extracted with 
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Fic. 5. Section of cornea 2 showing the structure of the Kayser-Fleischer ring. Copper can be histo- 
chemically detected in the form of tiny granules arranged in two layers close to the endothelial surface of 
Descemet’s membrane. The layer closer to the endothelium, designated zone A (A), shows periodic varia- 
tions in thickness giving the impression of discontinuities. This layer is separated by a clear interval from 
a wider layer of deposits, zone B (B), which is also made up of much larger granules. Stained with 


rubeanic acid. Counterstained with 0.1 per cent ethanolic cresyl violet. 


absolute ethanol, chloroform-methanol 
(2:1), and with boiling ethanol and 
chloroform-methanol, after removal from 
formalin fixative. In each instance a 
black precipitate was demonstrated at 
the corneal limbus with rubeanic acid 
treatment in the exact distribution of 
that seen in untreated specimens. Thus, 
subsequent to formalin fixation, the cop- 
per in the Kayser-Fleischer ring cannot 
be removed by the very solvents that 
cause the dissolution of the ring and the 
disappearance of copper if applied to 
the cornea in the fresh state. 

Sectors of cornea removed from for- 
malin and treated for two hours with a 
0.6 per cent solution of sodium versenate 
(adjusted to pH 7.1 with N NaOH) and 
subsequently stained for copper showed 
all the copper to have been removed by 
versene. 

2. Electron Microscope Study 
Method 
For electron microscope examination, 


(x 2100). 


a sector of cornea 2 was cut into narrow 
strips and dehydrated in a graded series 
of methanol. The embedding medium 
was 10 per cent methyl methacrylate in 
n-butyl methacrylate, with inhibitor re- 
moved, catalyzed by 2 per cent benzoyl 
peroxide, and polymerized either under 
an ultraviolet lamp or in an oven at 
46° C. To increase tissue contrast, some 
of the strips were treated with 1 per cent 
phosphotungstic acid added to the ab- 
solute alcohol during dehydration. 

Sections were cut with a glass knife? 
in an International Minot ultra-thin sec- 
tioning microtome** and examined with 
an RCA Model EMU-2D electron micro- 
scope, equipped with condenser and ob- 
jective apertures. 
Observations 

In the region of the Kayser-Fleischer 
ring, Descemet’s membrane differed in 
appearance from the normal*®.*° in two 
respects. It contained two layers of 
inclusions dense to the electron beam, 
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and it had deep indentations of the sur- 
face adjacent to the endothelium (fig- 
ures 6, 7, and 8). The inclusions, corre- 
sponding to the granules seen in the mi- 
croscopic examination, occurred chiefly 
in two layers, the first (zone A) about 
0.6 from the endothelial surface of 


Descemet’s membrane, and the second 


(zone B) about 2, from this surface. 
Each inclusion was a cluster of small, 
dense particles with diameters measured 
down to 40 A (figure 9). The larger in- 
clusions were roughly circular in profile. 
In the tissue which had not been treated 
with phosphotungstic acid (figure 8), 
the average diameter of the largest clus- 
ters in zone A was about 0.17 », and in 
zone B about 0.35 ». (Small clusters ap- 
peared in both zones; however, since 
many serial sections were not studied 
due to the difficulty of sectioning this 
material, it is probable that many of 
these were peripheral sections of larger, 
spherical inclusions. ) 

The inclusions in zone B, the thicker 
of the two layers, were somewhat more 
uniformly distributed than those in zone 
A, in which their concentration increased 
and decreased in periodic fashion (fig- 
ure 7). In the phosphotungstic acid- 
treated tissue, the inclusions were more 
compact and denser than without such 
treatment, and their average minimal 
diameter decreased from about 0.35 » 
to about 0.27 ». Which of these values 
represents the diameter of the inclusions 
in vivo cannot be determined from these 
studies since either shrinkage or swell- 
ing may have occurred during prepara- 
tion. 

In the region of the Kayser-Fleischer 
ring, the endothelial surface of Desce- 
met’s membrane had an irregular con- 
tour which took the form of indentations 
extending into the membrane (figures 6 
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and 7). Some of these ran through zone 
A, and discontinuous but similar spaces 
were seen between zones A and B and in 
zone B itself (figure 6). These inden- 
tations have been interpreted as sections 
through convoluted channels leading 
from the endothelial surface of Desce- 
met’s membrane into the region of the 
membrane occupied by the inclusions. 
Although the endothelial cells were 
poorly fixed in this specimen, they did 
show suggestions of extensions corres- 
ponding to the indentations of Desce- 
met’s membrane. In some of the chan- 
nels fine filaments and dense inclusions 
were seen (figure 6); such configurations 
could, however, result from tangential 
sections of portions of the walls of .the 
channels. 


DISCUSSION 


It becomes evident from the foregoing 
that a clear distinction must be made in 
hepatolenticular degeneration between 
the accumulation of copper in the cornea 
as a whole, and the highly specific mor- 
phologic changes in Descemet’s mem- 
brane which consist partly in concentra- 
tions of copper in distinctive patterns in 
the Kayser-Fleischer ring. 

The accumulation of copper in the 
substantia propria appears to be a dis- 
tinct phenomenon enjoying a different 
pathogenesis from that in the Kayser- 
Fleischer ring. It should probably be 
considered a manifestation of the gen- 
eralized increased affinity for the bind- 
ing of ionic copper by tissues that char- 
acterizes the disease.?! The specific dis- 
tribution that this type of copper has 
in the cornea, that is, sparing of stratified 
epithelium, Bowman's layer, endotheli- 
um, and central portion of Descemet'’s 
membrane, argues for a specific binding 
property for the substantia propria (fig- 
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Fic. 6. Electron micrograph of a thin section of cornea 2. Beneath the endothelium (E), in Descemet’s 
membrane (D), are found the dense deposits which comprise the two layers (A,B) of the Kayser- 
Fleischer ring. Arrows point to indentations of the endothelial surface and to similar spaces within 
Descemet’s membrane. This specimen had been treated with phophotungstic acid to increase tissue contrast. 
(x 15,950). 

Fic. 7. Electron micrograph of a thin section through the Kayser-Fleischer ring of cornea 2, treated with 
phosphotungstic acid. Zone A (A) shows a discontinuity in this region. (x 16,450). 
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ures 1 and 2). This is demonstrated 
especially impressively in the fact that 
normal cornea impregnated in an ionic 
copper solution will bind copper most 
strongly in the stratified epithelium and 
much less so in the substantia propria 
(figure 4). The ionic nature of the cop- 
per bound throughout the cornea in the 
substantia propria layer is attested to 
by its solubility in formaldehyde (absent 
in cornea 2), dilute mineral acids, and 
versene, as well as by its insolubility in 
ethanol and organic solvents. It appears 
worthy of comment that it is probably 
this ionic form of copper, distributed 
throughout the extent of the cornea in 
its thickest layer, which is responsible 
for the high copper values obtained by 
microanalysis of sections of cornea as 
a whole.?*-!2 The amounts of histochem- 
ically detectable copper in the Kayser- 
Fleischer ring itself, as demonstrated in 
the present study, would contribute only 
a negligibly small increment of copper 
to the total copper content of the cornea. 

The copper detectable within the 
structure-complex that we designate as 
the Kayser-Fleischer ring represents an 
entirely different problem. That we are 
dealing with copper in the zones corres- 
ponding to the Kayser-Fleischer ring ap- 
pears certain by virtue of 1) the histo- 
chemical specificity of the procedure em- 
ployed in the visualization, 2) the high 
electron density of the deposits on or 
within the granules in zones A and B, 
and 3) the disappearance of the histo- 
chemical reactivity on treatment with 
versene. Deductions concerning the form 
in which this copper is present in the 
Kayser-Fleischer ring can also be made 
with some degree of certainty. The first 
and obvious conclusion would be that 
the copper deposited in the Kayser- 
Fleischer ring is not in the form of a 


copper salt in view of its total insolu- 
bility in formalin. This is further sup- 
ported by its high solubility in ethanol, 
ether-alcohol, and other organic solvents, 
as pointed out in the preceding sections. 
This latter characteristic makes it highly 
unlikely that one is dealing with a salt 
linkage between copper and an organic 
or inorganic anion. Therefore, it seems 
plausible to suggest that the copper in 
the Kayser-Fleischer ring is present as 
a copper-chelate. In support of this 
suggestion the following points, already 
established, can be invoked: 1) copper- 
chelates, in common with other metal 
chelates, are characterized by a high 
solubility in organic solvents,*' 2) treat- 
ment with ethanol prior to other fixation 
results in the dissolution of the Kayser- 
Fleischer ring as a whole and not only 
that moiety which is stainable as cop- 
per, and 3) resistance to treatment with 
mineral acids, inasmuch as treatment for 
one hour with 12 per cent HCI will not 
effect any change in the ring.*? The fact 
that the staining for copper can be abol- 
ished by prior treatment with versene 
indicates that versene is probably a more 
effective competitor for chelation of the 
metal. Yet, another paradox presents it- 
self in the fact that the Kayser-Fleischer 
ring is not affected by organic solvents 
after formalin fixation. The explanation 
for this phenomenon must be sought in 
chemical changes produced by formal- 
dehyde on the chelating agent present 
in the structure of the corneal ring. 
This action, by a process of elimination, 
must reside in the formation ‘of meth- 
ylene bridges (—CH=) between amino 
groups** of the chelating agent, whose 
other functional groups act as ligands 
for copper and the protein matrix of 
Descemet’s membrane. 

An examination of the structure of the 
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Fic. 8. Electron micrograph of a thin section through the Kayser-Fleischer ring of cornea 2, without 
phosphotungstic acid treatment. (x 26,500). 

Fic. 9. Electron micrograph, at higher magnification, of several inclusions of Zone A in cornea 2. Each 
inclusion can be seen to consist of small, dense granules. (x 67,600). 
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Kayser-Fleischer ring, as revealed by 
the present study, permits certain con- 
clusions to be drawn concerning the re- 
lationship of this structure to the color 
of the ring observed clinically. First of 
all, it should be observed that the color 
of the ring is not due to the deposition 
of copper itself. Our own studies in 
cornea 1 (figures 1 and 2) and those 
of Brand and Takats? reveal a much 
higher content of copper throughout the 
whole extent of the cornea without pro- 
ducing corneal opacity (or cloudiness, 
as in the zone of the ring) or any color 
change. An explanation for the color and 
change in transparency of the corneal 
limbus is, however, offered by the phys- 
ical changes induced in the optical char- 
acter of the cornea by the structures re- 
vealed in this study. The presence of 
dense layers separated by clear inter- 
vals, with each layer consisting of dif- 
ferent-sized granules, provides an ideal 
optical system not only for reflection and 
scattering of incident light, but also for 
light interference effects which would 
be expected to result in the visualization 
of different color schemes depending on: 
a) the number of layers or zones, b) 
the thickness of each zone, c) the dis- 
tance between the zones, d) the par- 
ticle size and shape in each zone, and 
e) the particle (or granule) density of 
each zone. Periodic changes in the sur- 
face contour, as seen in zone A (figures 
5 and 7), would provide further super- 
added interference colors independent 
of the considerations enumerated above 
(principle of the distorted wave-front 
interferometer ).** These considerations 
would allow for a great variety of colors 
to be observed clinically, quite inde- 
pendent of the incident angle of light 
or the color of the patient's iris. Thus, 
although there were only two zones of 


deposition observed in cornea 2, it ap- 
pears quite probable that patients with 
earlier forms of the disease may be 
found to show only the presence of 
zone A, while others whose disease has 
been of longer standing may possess a 
third layer of dense particles. Further- 
more, differences in inclusion size in 
zone A (ca.0.17) and zone B (ca. 
0.35 »), as well as the distances between 
the endothelial surface of Descemet’s 
membrane and zones A and B, constitute 
further variables that may contribute to 
the additive nature of the color reflected 
from the Kayser-Fleischer ring. It is not 
surprising, therefore, that the corneal 
ring has been variously observed and 
described by different authors as golden 
yellow, golden brown, brownish green, 
bronze, and green. Nor is it surprising 
that the color of the ring should be ob- 
served to change in any given patient. 
Thus, the ring has been described as 
changing from dark brown to gray" in 
a patient while under treatment with 
dimercaptopropanol (BAL), while the 
ring has also been reported to intensify 
in color® under similar treatment in 
another patient. One of the authors has 
observed the occurrence of both types 
of color change in different patients. In 
this sense, although removal of copper 
from the Kayser-Fleischer ring by BAL 
may result in a change in color, the rea- 
son for this color change should be 
sought in changes produced in the phys- 
ical properties of the ring (changes in 
transmittancy, reflectance, and interfer- 
ence) rather than in the removal of 
some pigment. 

The structural details revealed by elec- 
tron microscopy invite certain deduc- 
tions concerning the process involved in 
the formation of the Kayser-Fleischer 
ring. As observed in figures 5, 6, and 8, 
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the pattern formed by zones A and B 
is highly suggestive of a process similar 
to that leading to the formation of Liese- 
gang rings.*® A prerequisite for such a 
process is a system in which a solute 
diffuses from a liquid phase into a gel 
containing within its water of gelation 
a reactant with which the diffusing sol- 
ute would normally form an insoluble 
precipitate. In such a system, however, 
the precipitate appears in discrete, par- 
allel layers separated by increasingly 
wide clear intervals as the number of 
zones increases. The distances between 
Descemet’s endothelial surface and zone 
A (ca. 0.6) and between zone A and 
zone B (ca. 2) conform with such a 
formulation of the Liesegang phenom- 
enon. Since the zones of precipitation 
would be closest at the diffusing boun- 
dary (in this case, represented by the 
distance of the endothelial surface of 
Descemet’s membrane to zone A), one 
could’ postulate that the diffusing sub- 
stance had its origin in the anterior 
chamber of the eye and entered Desce- 
met’s membrane at this surface. From 
the information provided in this study, 
one can envisage ionic copper, loosely 
bound to albumin,”? reaching Descemet’s 
membrane by this route. Why it should 
react with some other normal or abnor- 
mal constituent of Descemet’s membrane 
to produce the structural pattern of the 
Kayser-Fleischer ring cannot be an- 
swered as yet. 

The structures visualized in the elec- 
tron micrographs as channels in Desce- 
met’s membrane are probably not arte- 
factual inasmuch as the cornea was fixed 
as a whole, and the channel-like struc- 
tures were found only in that region cor- 
responding to the Kayser-Fleischer ring 
and not in contiguous areas of Desce- 
met’s membrane that lie more toward 
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the center of the cornea. Though it is 
tempting to consider the existence of a 
causal relationship between these chan- 
nels and the inclusions which comprise 
the Kayser-Fleischer ring, the arrange- 
ment of the inclusions in zones parallel 
with the plane of Descemet’s membrane, 
while the channels appear to run almost 
at right angles to them, argues against 
this explanation. Thus, it appears un- 
likely that the copper eventually detect- 
ed in (or on the surface of) the inclu- 
sions or granules of zones A and B pene- 
trates Descemet’s membrane primarily 
at least through these channels, even 
though the latter appear to be limited 
to the confines of the corneal limbus. 
Elucidation of the nature and signifi- 
cance of these “channels” must wait on 
confirmatory studies in other cases. 


SUMMARY 


Two corneas from patients with hepa- 
tolenticular degeneration were studied. 

One of the corneas was used to dem- 
onstrate the large amount of copper de- 
posited throughout the substantia pro- 
pria. This copper is in a different form 
contrasted with that which was found in 
the Kayser-Fleischer ring. It was alcohol- 
insoluble, but easily removed with ver- 
sene and dilute mineral acids. The pres- 
ence of large amounts of copper through- 
out the extent of the substantia propria 
does not seem to affect the color or the 
optical properties of the cornea. 

The second cornea was used for ex- 
amination of the Kayser-Fleischer ring. 
Here the copper was localized histo- 
chemically within fine granular deposits 
in Descemet’s membrane. The deposits 
were arranged in two parallel zones of 
unequal width close to the endothelial 
surface of the membrane and separated 
by a clear layer. Electron microscopy 
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revealed the zones to consist of electron- 
dense inclusions arranged in the same 
pattern as assumed by the histochem- 
ically localized copper. Data are pre- 
sented to indicate that the copper pres- 
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@ There are very few nervous diseases in the sense that the essential elements 
of nervous organs, cells and fibres, go wrong primarily; in most cases they 
suffer indirectly. For precision in pathology, and, consequently, in therapeu- 
tics, we do not think of nervous organs as being made up solely of nervous 
elements. The ingredients of a nervous organ are not only nerve-cells and 
fibres, but also the subordinate elements, blood vessels and connective tissue. 
And nearly all diseases of the nervous system of which there is a known mor- 
bid anatomy are diseases beginning in the subordinate elements; the nervous 
tissues are innocent but suffer. Most of them are not in a strict sense nervous 
diseases at all. Hence a study of pathology corrects specialism. To take but 
one case: the commonest nervous symptom is an arterial affair. Hemiplegia, 
in the vast majority of cases, is owing to blocking up of a diseased artery or 
to rupture of one. Nerve tissue is not here in fault, but suffers. It deliquesces 
(as in softening), or is smashed up by irruption of blood. A man’s nerve-tissue 
does not begin to soften; it is often locally starved because its arterial supply 
is cut off — it is boycotted. If a man can take care of his arteries, he need have 
but little fear of hemiplegia and apoplexy. His nervous tissues will take care 
of themselves. If we could conceive a man so badly educated and so curi- 
ously minded that he knew nervous symptoms well and nothing else, he would, 
if he made post-mortem examinations, become de-specialised. He would find 
that he must start anew by studying cardiac, arterial and renal diseases, syph- 
ilis, gout, rheumatism and so forth. Out of that new study he would get a 
reasonable basis for prognosis, and for the care of his patients. In a word, he 
would find that the pathology of most nervous diseases was indirect, and would 
cease to take a merely nervous view of them. 


J. Hughlings Jackson in Address on Pathology, 
published in 1882. 
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Familial Hypertrophic Polyneuritis 


Review of a Previously Reported Family 


P. B. Croft, B.M., M.R.C.P. and N. H. Wadia, M.D., M.R.C.P. 


In 1930 Russell and Garland! reported 
observations on a family afflicted with 
“progressive hypertrophic polyneuritis” 
of Dejerine and Sottas.? Recently a mem- 
ber of this family was referred to the 
neurological department of the London 
Hospital, and it seemed of interest to 
review the family after an interval of a 
quarter of a century, with particular ref- 
ference to the natural history of this 
rare disease, both in the individual case 
and also in the affected family group. 


CASE REPORTS 


The family tree is shown in figure 1. 
Our patient is III.10 in the family (Case 
7 of Russell and Garland). After a de- 
tailed discussion of this patient, brief 
accounts are given of those members of 
the family whom we were able to trace. 
By combining our findings with those 
of Russell and Garland, five generations 
of the family are available for study. 

Case III.10. A woman, now aged 56 years, 
was referred to the neurologic department from 
the orthopedic department, to which she had 
been sent because of inability to walk and se- 
vere ulceration of her feet. She was born with 
apparently normal feet, but developed deformi- 
ties in early childhood and had to wear special 
shoes. When she was seven years old, it was 
noted that she tended to trip easily. From the 
age of 11 to 14 years she was treated for 


“hereditary curvature of the spine,” and at 14 
bilateral Achilles tenotomies were performed. 
After these operations she was able to walk 
fairly well until the age of 30, although she 
became gradually more disabled. When she 
was 29, following an acute febrile illness, she 
noted transient parasthesias in both hands with 
associated clumsiness. After the age of ’ 30, 
walking became very difficult and she took to 
crawling on her hands and knees, dragging her- 
self to her feet when necessary. For the last 
ten years she had had ulcers on her feet, and 
for two years these ulcers had been painful. 
In spite of her severe disability she continued 
to carry out all her domestic duties, including 
the care of an aged and invalid mother. 

During the last ten years, she had also no- 
ticed progressive weakness of the right hand 
and, although the left hand was less affected, 
it had become slightly weak in the preceding 
five years. She had not noticed any sensory 
disturbance, and at no time had she complained 
of spontaneous pains in her limbs, apart from 
the pain associated with the ulceration of her 
feet. Bowel and bladder function was unim- 
paired. 

There was no significant past history. 

On examination she was a small, deformed 
woman. There was patchy brown pigmentation 
of the skin over both sides of the chest below 
the axillas. She had a severe kyphoscoliosis, 
convex to the right in the dorsal region. There 
was a gross bilateral talipes equinovarus de- 
formity, with large penetrating ulcers (figure 
2). In addition there were bilateral infrapatel- 
lar bursas, resulting from weight-bearing in 
these areas for many years while crawling. 


From the London Hospital, London, England. 
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Male 


Female @ Affected individuals 


No abnormality found by Russell and Garland in 1930 
Om @ No abnormality found in 1956 


Fic. 1. The family tree. 


Figure 3 is a reproduction of the drawing in 
the original paper of Dejerine and Sottas,? 
showing the foot deformities in one of their 
patients. There is a striking similarity to the 
deformities found in our own patient. 

The pupils were small, reacting rather slowly 
to light and more briskly on accommodation. 
The cranial nerves were otherwise normal, apart 
from ill-sustained nystagmoid jerks on lateral 
gaze. In the upper limbs there was generalized 
wasting of muscles below the elbows and more 
especially of the intrinsic muscles of the hands, 
with weakness of the wasted muscles, most 
severe in the right hand, and bilateral partial 
claw hands, worse on the right (figure 4). In 
the lower limbs there was similar wasting of the 
distal parts of the limbs, though this was ob- 
scured to some extent by edema, partly gravi- 
tational and partly associated with the chron- 
ically infected ulcers of the feet. There was 
severe weakness of all the muscles below each 
knee. No sensory changes were detected. All 
the tendon reflexes and the plantar responses 
were absent. There was palpable thickening of 
the ulnar, popliteal, and supraclavicular nerve 
trunks. 

No abnormality was found on examination of 
the heart, lungs, or abdomen, apart from poor 
chest expansion resulting from the deformity of 
the thoracic cage. Blood pressure was 110/65. 

Lumbar puncture yielded a_ cerebrospinal 
fluid under normal pressure and of normal com- 
position. 


Because of the chronic ulceration of the feet 
and the patient’s inability to stand on the se- 
verely deformed feet, bilateral Symes’ ampu- 
tations were performed. After the stumps had 
healed, the patient was transferred to an arti- 
ficial limb center. She now walks well on her 
artificial feet, using one stick. 

Pathology. Macroscopic. Dissection of the 
amputated left foot showed extensive fatty re- 
placement of the flexor digitorum brevis and 
other muscles. The cartilage of the talus was 
greatly eroded by osteoarthritis. The nerves 
were diffusely thickened (medial plantar 0.5 
cm. in diameter; lateral plantar 0.35 cm. in 
diameter at points close to their origins ). There 
was less thickening of the anterior tibial, mus- 
culocutaneous, and sural nerves. 

Microscopic. 1) Nerves—the five nerves 
mentioned were examined in longitudinal and 
transverse sections. The thickening was mainly 
due to a great increase in collagen throughout 
the epi-, peri-, and endoneurium (figure 5). 
In the first two layers it was dense and hyaline, 
in the last-mentioned fibrillar. There was also 
proliferation of the endoneurial cells and occa- 
sionally of similar cells in the perineurium. In 
the endoneurium the cells tended to form onion- 
like whorls; the individual cells were separated 
by delicate collagen fibers. These whorls were 
formed about axis-cylinders, but a large pro- 
portion of the latter had undergone destruction. 
There was no inflammatory cellular reaction 
other than a rare and small group of small 
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lymphocytes. The blood vessels were normal. 

2) Muscles—in these there was gross re- 
placement by adipose tissue. Such muscle fibers 
as persisted were almost all greatly atrophied, 
though a few were hypertrophic. There was 
conspicuous collagenous thickening of the endo- 
mysium. Attempts to demonstrate motor nerve 
endings by the methylene-blue technic were 
unsuccessful. 

Summary. Progressive weakness of the legs 
and deformity of the feet from childhood, with 
associated kyphoscoliosis. Distal amyotrophic 
weakness, more severe in the lower limbs, with 
clinical hypertrophy of many nerves. No sen- 
sory changes. Bilateral Symes’ amputations. 
Histologic changes of hypertrophic polyneuritis. 


OTHER MEMBERS OF THE FAMILY 


After an interval of 25 years, it has not been 
possible to trace all members of the different 
branches of the family, although the detailed 
history of most of the members of one branch 
is well established. The family will be reviewed 
briefly, generation by generation. 

Generation I. 1.1 Male. This man was called 
by his family a “high kicker.” He had curva- 
ture of the spine and foot drop. He died at 
age 65 after a stroke. He was not examined 
by Russell and Garland, but his grandson 
(III.3) recently stated, “he was a replica of 
me. 

Generation II. I1.1 Male, stated by his family 
to be normal (not examined). 

II1.2 Female (Russell and Garland, case 3). 
Progressive disability from the age of 15. Her 
son (III.3) states that she was “paralyzed be- 
low the waist” from the age of 40, and that 


she “crawled around the house.” She died at 
age 82. 
II.3 Female. She was not examined either 


by Russell and Garland or by ourselves, but 
two members of the next generation confirm 
that she suffered from curvature of the spine. 
She died at age 60. 

II.5 Male — the father of the propositus. He 
was not examined, but his daughter and neph- 
ew state that he had round shoulders and that 
he walked with “flapping feet.” He died as the 
result of an accident. 

Other members of this generation (II.4, 6, 
7, and 8) are not known to have been affected, 
but were not examined. One female (II.9) 
died in infancy. 

Generation III. 11.1 Female (Russell and 
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Garland, case 4). Progressive disability from 
the age of 12, but died at the age of 63 from 
a peptic ulcer. 

IIl.2 Female. Alive at age 66. Not exam- 
ined by us, but in 1953 she was admitted to 
a neurosurgical unit after a cerebral vascular 
accident, and no signs of polyneuritis were 
found. 

III.3 Male (Russell and Garland, case 2). 
Now aged 64. Onset of foot deformities at the 
age of 14. He was unable to run and was un- 
steady on his feet. When seen by Russell and 
Garland at the age of 38, he also complained 
of wasting of the right hand and of numbness 
of the right little finger. On examination at 
that time he had a marked scoliosis and bilat- 
eral pes cavus. There was an inconstant nystag- 
mus, but the cranial nerves were otherwise nor- 
mal. There was wasting of the small muscles 
of the hands, worse on the right, and of the 
distal halves of the forearms, with correspond- 
ing weakness, and also some fibrillary twitching 
of the muscles. In the legs there was wasting 
and weakness of the anterior tibial and peroneal 
groups of muscles. All the tendon jerks were 
absent and the plantar responses were both 
considered to be extensor. There were no sen- 
sory changes. There was considerable enlarge- 
ment of the peripheral nerves, especially the 
median nerves at the elbows. The enlarged 
nerves were firm, irregular, and not tender. A 
biopsy of the internal cutaneous nerve of the 
left arm showed the changes of hypertrophic 
polyneuritis. 

When seen by us in 1956, little change was 
found in his condition. The only sensory change 
that could be detected was some inaccuracy in 
two-point discrimination in the digits of both 
hands. The plantar responses were both defi- 
nitely flexor. There was thickening of periph- 
eral nerves, especially the ulnar nerves at the 
elbows, and the lateral popliteal nerves at the 
knees. 

III.4 Female, aged 60. This woman was ex- 
amined in 1930 by Russell and Garland and 
was found to be normal. She refused to see us 
for re-examination, but her husband writes that 
she is still symptom-free. 

III.5 Male, aged 56. Examined by us and 
no abnormality was found. 

III.6 Male. Died aged 50—cause of death 
unknown. Was not seen by Russell and Gar- 
land, but they reported that he had “something 
wrong” with his feet, and our patient (III.10) 
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1) 


a) 


Fic. 2. Lower limbs of patient III.10 showing characteristic deformity. 
Fic. 3. Reproduction of picture of lower limbs of patient described by Dejerine and Sottas in 1893. 


Fic. 4. Hands of patient III.10. 


Fic. 5. Cross-section of part of plantar nerve (patient III.10), showing thickened perineurium and onion- 
like thickening about individual nerve fibers and increase of collagen between them. 


confirmed that he had club-feet. 

Female. Not traced, but relative 
(IIL.3) who saw her ten years ago says that she 
was in good health then. 

III.8 Male. Died of pneumonia while serving 
in the Navy. Thought to have been unaffected. 

III.9 Male, who cannot be traced. 

III.10. The propositus whose history has 
already been given in detail. 


Generation IV. IV.1 Male, living in New 
Zealand. Thought to be unaffected. 

IV.2. Female. Not seen by us, but one rela- 
tive (IV.7) thinks that she has some trouble 
with her hands, for which she has received © 
electrical treatment. Another relative (III.10) 
says that there is no deformity of her feet or 
back and that she walks normally. 

IV.3 Female, aged 39. Seen in 1930 by Rus- 
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sell and Garland (case 5). She was then 13, 
and had had orthopedic operations on both 
feet at the age of eleven and a half. When seen 
at the London Hospital in 1954 for treatment 
of pulmonary tuberculosis, she was found to 
have no spinal deformity, but bilateral pes 
cavus. She had hypotonia of the lower limbs 
with weakness, and all tendon jerks except the 
triceps jerks were absent. The plantar responses 
were flexor and there was no sensory loss. Both 
lateral popliteal nerves were thickened and the 
ulnar nerves were also enlarged to a_ lesser 
degree. We were not able to see this patient 
ourselves. 

IV.4 Female, aged 37. In 1930 Russell and 
Garland (case 6) found her to be minimally 
affected, having no symptoms and no signs 
apart from ill-sustained nystagmus and absent 
tendon jerks. She has recently been seen by 
us. She developed difficulty in walking in ado- 
lescence and is only able to walk slowly, but 
there has been no increase in her disability for 
many years. Her hands are slightly affected, 
especially the thumbs and index fingers. At the 
present time she has a scoliosis, especially from 
C7 to D6. Both pupils react sluggishly to light, 
but normally on accommodation. There is 
slight nystagmus. She has bilateral wasting of 
the small muscles of the hands, with partial 
claw-hands affecting the little fingers especially. 
The thenar muscles are less affected but not 
normal. There is also slight paresis of the ex- 
tensors of the wrists. She has severe pes cavus, 
with bilateral foot drop and severe weakness 
of the anterior tibial and peroneal muscles. 
There are no sensory changes. The ankle and 
left supinator jerks are absent, and the other 
tendon reflexes sluggish. The plantar responses 
are absent. The right ulnar nerve is thickened 
but not beaded. 

IV.5 Male, aged 33 years. Said to be well, 
except for pulmonary tuberculosis. No abnor- 
mality was found by Russell and Garland when 
this patient was seven years old. His nervous 
system was said to be normal in 1950 when he 
was in another hospital for treatment of pul- 
monary tuberculosis. 

IV.6 Female, aged about 39 years. Said to 
be unaffected. 

IV.7 Male, aged 37. Symptom-free. When 
seen by us, he was found to have slight bi- 
lateral pes cavus, a thickened beaded nerve 
high in the right axilla, and also a thyroglossal 
cyst. 
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IV.8 Female, aged 23, who was examined by 
us and has no abnormal physical signs. 

IV.9 Female. Not traced. 

Generation V. V.1 Male, aged 14. No neu- 
rological symptoms. Examined by us and found 
to have a mild scoliosis and slight bilateral pes 
cavus. Cranial nerves were normal, apart from 
myopic changes in the fundi. There was slight 
atrophy and weakness of the intrinsic muscles 
of both hands. Three quarters of an inch of 
wasting of the left thigh, but no demonstrable 
weakness. No sensory changes. Ankle jerks nor- 
mal, but all other tendon jerks sluggish. Plan- 
tar responses flexor. Both ulnar nerves were 
markedly thickened to 2 inches above the el- 
bow, and were beaded but not tender. The 
lateral popliteal nerves were thickened, espe- 
cially the right. 

V.2 Male, aged 11. Examined by us and 
found to have no abnormal physical signs. 

V.3 and V.4 Two male children said by their 
grandfather (III.3) to be normal — not exam- 
ined. 

V.5 Male, aged 13. No abnormality found 
by us. 

V.6 Female, aged 11. No abnormality found 
by us. 

V.7 Male, aged 10. No abnormality found 
by us, apart from a dubious thickening of the 
right ulnar nerve at the elbow. 

V.8 Male, aged nine months. No abnormality 
found by us. 


DISCUSSION 


Familial hypertrophic polyneuritis was 
first recognized as a clinical entity in 
1893 by Dejerine and Sottas,? although 
they drew attention to a paper published 
four years earlier by Gombault and Mal- 
let, who had described a similar case 
but failed to recognize that the case was 
one of polyneuritis and attributed the 
unusual clinical picture to tabes begin- 
ning in childhood. : 

Briefly, the view of Dejerine and 
Sottas was that the condition was one 
of a progressive interstitial hypertrophic 
polyneuritis of children. Their original 
two cases were brother and sister. They 
reported the autopsy findings in the fe- 
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male patient in their original communi- 
cation, and the postmortem findings in 
the brother were later described by 
Dejerine and André-Thomas.* Dejerine 
and Sottas emphasized the onset of the 
disability in childhood and the slow pro- 
gression to severe disability in adult life. 
The early symptoms were the gradual 
development of bilateral foot deformity, 
with difficulty in walking. There was 
wasting of the distal muscles of all four 
limbs, starting in the lower limbs before 
the upper, and affecting the legs more 
severely. There was weakness of the 
affected muscles and occasional fascicu- 
lation. The patients complained of light- 
ning pains in the limbs and showed a 
polyneuritic type of sensory loss. There 
was also nystagmus, myosis, and sluggish 
reaction of the pupils to light, together 
with kyphoscoliosis. The diagnostic clini- 
cal finding was thickening of the periph- 
eral nerves, but this was not always 
conspicuous and in Dejerine and Sottas’ 
male patient was only found on re- 
examination after postmortem discovery 
of thickened nerves in his sister. 

Histologically, Dejerine and Sottas 
found hypertrophy of nerve trunks and 
spinal roots with secondary degeneration 
of the posterior columns of the spinal 
cord. The neural thickening was consid- 
ered to be due to hypertrophy of the 
interstitial tissue of the nerves. It is of 
interest that Dejerine’s first patient was 
examined postmortem following exhu- 
mation four days after her death (she 
had died from intercurrent disease at 
home). Dejerine managed to obtain per- 
mission for the exhumation for research 
purposes —a rare event in the history 
of medicine. 

Marie® reported a family with hyper- 
trophic polyneuritis and, because of cer- 
tain differences in the clinical picture, 
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claimed that his cases were not identical 
with the type described by Dejerine and 
Sottas. This claim was supported by 
Boveri® and it became customary to 
recognize two types of familial hyper- 
trophic polyneuritis - 1) the Gombault- 
Dejerine type in which Argyll-Robertson 
pupils, lightning pains. ataxia, nystag- 
mus, Romberg’s sign, fasciculation, and 
generalized wasting of limb muscles 
were prominent, and 2) the Marie-Boveri 
type in which these features were ab- 
sent, but in which intention tremor, scan- 
ning speech, and exophthalmos were 
found and wasting was minimal in the 
upper limbs. This subdivision serves 
little purpose. As Raymond’ and De- 
jerine and André-Thomas* pointed out, 
it is well recognized that in many dis- 
eases the clinical picture is not always 
constant in every detail. In familial dis- 
orders in particular, it is common for 
different families to show pecularities 
which ‘breed true’ in members of that 
particular family and are not found in 
members of other families suffering from 
the same disorder.’ 

The family discussed in this paper 
shows the classic familial form of the 
disease originally described by Dejerine 
and Sottas.? However, the simple con- 
cept of a familial polyneuritis character- 
ized by neural hyperthrophy was not 
entirely supported by the work of various 
other writers, who described patients in 
whom neural hypertrophy was found 
clinically, and in some of whom the 
histologic picture seen either at post- 
mortem examination or in biopsy speci- 
mens was that described by Dejerine, 
although the clinical history was quite 
unlike that found in the familial form. 

These reports included cases in which 
there was no family history, those in 
which the disorder affected first the up- 
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per limbs,*-"* patients in whom the onset 
was in later life with a fairly rapid pro- 
gression to death within a few years,"* 
and even patients with recurrent or 
relapsing histories."* In the cases 
described by Harris and Newcomb’ 
the patients showed evidence of bulbar 
palsy. 

Dide and Courjon™ and Sears'® dis- 
cussed possible classifications of the re- 
ported cases. Apart from subdivision of 
the familial type of disorder into the 
two groups (Gombault-Dejerine** and 
Marie-Boveri®*) already mentioned, 
Sears suggested two further types - 1) 
a non-familial group with onset in adult 
life and 2) a relapsing or recurrent type 
( Nattrass - Harris - Newcomb. The 
only factors common to all groups are 
neural hypertrophy and, where histo- 
logic details are available, the changes 
associated with interstitial hypertrophic 
polyneuritis including ‘onion bulb’ for- 
mation. In some of the published re- 
ports,'* no pathologic studies were made 
and the diagnosis was based on the clin- 
ical finding of neural thickening. In 
others," the clinical details are such that 
the diagnosis is in serious doubt. 

It must, however, be admitted that 
some sporadic cases with clinical fea- 
tures not typical of the familial disorder 
of Dejerine and Sottas do show hyper- 
trophy of peripheral nerves with the 
characteristic histologic pattern. This 
point was discussed by Harris and New- 
comb." “It seems that the Dejerine and 
Sottas type of familial hypertrophic in- 
terstitial neuritis should be distinguished 
as a separate group from recurrent poly- 
neuritis . . . though the interstitial hy- 
pertrophic neuritis found in the nerve 
trunks and spinal roots in our case forms 
a remarkable link between the two 
groups, and it is conceivable that a simi- 
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lar underlying cause may be responsible 
for all of them.” 

Although Raymond’ disputed the 
point, it is generally agreed that neural 
thickening is the primary defect leading 
to secondary motor and sensory deficits. 
This is supported by our findings in case 
V.1, a young boy without symptoms in 
whom thickened nerves are a conspic- 
uous clinical finding, although so far the 
motor changes are insufficient for either 
the patient or his parents to be aware of 
them. Raymond and also Marinesco™ 
claimed that familial hypertrophic poly- 
neuritis is only a form of Charcot-Marie- 
Tooth’s peroneal muscular atrophy, say- 
ing that neural thickening is a secondary 
change in cases of long standing -peron- 
eal muscular atrophy. Dejerine'* could 
not accept this view and emphasized 
that no evidence of neural hypertrophy 
had been found in autopsies on patients 
suffering from peroneal muscular atro- 
phy. He described a new patient suf- 
fering from hypertrophic polyneuritis 
in whom the peripheral nerves were 
markedly thickened at the age of 20 
years. Dejerine and Armand-Delille’® 
reported a patient who had suffered 
from peroneal muscular atrophy for 30 
years and in whom at autopsy there was 
no neural thickening—indeed the volume 
of the nerve trunks was less than normal. 

If the sporadic cases of hypertrophic 
polyneuritis of late onset are due to the 
same pathologic process as operates in 
the familial type of the disorder, it is 
difficult to understand why progress of 
the condition in the former is so much 
more rapid. There are other causes of 
neural thickening, such as primary amy- 
loid neuropathy, and it is essential for 
histologic examinations of peripheral 
nerves to be made before a case can be 
accepted as hypertrophic polyneuritis. 
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Wolf, Rubinowitz, and Burchell*® 
quote reports of the occasional findings 
of ‘onion bulb’ changes in disseminated 
scerosis and in neurofibromatosis, so that 
they cannot be regarded by themselves 
as absolutely pathognomonic of hyper- 
trophic polyneuritis. 

There are not many reports of studies 
of large families affected by hypertrophic 
polyneuritis. Apart from the family of 
Russell and Garland,’ which we have 
reinvestigated, only three other families 
of any size have been reported. Sears'® 
described one in which four generations 
were apparently affected, although only 
members of two generations were seen 
by the author. Cooper*! reported a fam- 
ily in Australia in which three genera- 
tions were probably involved, although 
no histologic studies were made. Re- 
cently Bedford and James** have de- 
scribed a family in which five genera- 
tions are affected and in whom histo- 
logic confirmation is available in one 
case. This is the only family, apart from 
the one described by Russell and Gar- 
land and restudied by ourselves, in which 
five generations have been known to be 
affected. 


INHERITANCE 


This appears to be a simple Mendelian 
dominant characteristic. Snyder** states 
that the inheritance is as a Mendelian 
recessive, but this does not seem to be 
true. Garland‘ held that the dominant 
mode was the rule, and this is the case 
in the families of Cooper,” Sears,’® and 
of Bedford and James,”? although, as 
Garland** pointed out, there is one dis- 
crepancy in the family tree published by 
Cooper. In the family reported in this 
paper, the inheritance follows the Men- 
delian dominant pattern. The only ap- 
parent discrepancy is patient IV.7. He 


has slight but definite abnormalities, and 
his mother (III.4) was found to be 
normal in 1930. Unfortunately we have 
not been able to re-examine her and see 
if she has developed any abnormal signs 
in the last 25 years. 


NATURAL HISTORY 


This agrees with the original impres- 
sion of Dejerine and Sottas. The condi- 
tion is one which usually begins in early 
life and is slowly progressive over a 
number of years. The final disability may 
be severe, as in many members of our 
family, although some individuals may 
continue to live active lives in spite of 
much disability. The onset is with slowly 
progressive weakness and deformity of 
the feet and lower limbs, the upper limbs 
being affected similarly, but to a lesser 
degree, after a period of many years. 
The characteristic findings are a severe 
distal atrophic weakness with loss of 
tendon reflexes and some degree of 
thickening of the peripheral nerves, al- 
though from the first paper on the sub- 
ject it has been obvious that the clinical 
prominence of the neural hypertrophy is 
variable. This hypertrophy of peripheral 
nerve trunks is found not only in adults 
with many years of disability, but also 
in early cases, such as patient V.1 with 
only minimal motor disturbance. In the 
propositus, all the palpable nerves were 
enlarged and hard but not tender at the 
age of 30 years when there was no ob- 
vious wasting in the upper limbs. The 
majority of cases have some degree of 
sensory loss, both superficial and deep, 
though some have only slight sensory 
changes, and indeed none of our cases 
has had significant sensory disturbance. 
The absence of sensory loss will, of 
course, make the resulting disability of 
the patient much less. We do not feel 
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that there is need to put families with- 
out sensory loss into a different subgroup 
of the disease, any more than one should 
separate groups of patients with pero- 
neal muscular atrophy because of rela- 
tive variations in the amounts of motor 
and sensory involvement. 

The occurrence of spinal deformities 
in hypertrophic polyneuritis has already 
been mentioned. None of the patients 
in this family whom we have seen has 
had conspicuous nystagmus, and only a 
few have had abnormal pupils (this ab- 
normality consisting of a sluggish reac- 
tion to light). In no case was there evi- 
dence of a true Argyll-Robertson pupil. 

The histologic findings in the proposi- 
tus are fairly typical of hypertrophic 
polyneuritis. There is evidence of thick- 
ening of the epi-, peri-, and endoneurium, 
together with “onion bulb” formation. 
Originally Dejerine and Sottas consid- 
ered the condition to be interstitial hy- 
pertrophic polyneuritis. Later authors 
regarded the essential lesion as one of 
hypertrophy of the sheath of Schwann, 
and Boveri,* Marie and Bertrand,?* and 
Soques and Bertrand*’ all discussed this 
point in some detail, the latter authors 
describing how the hypertrophy of the 
Schwann apparatus leads eventually to 
‘onion bulb’ formation. The presence of 
pseudohypertrophy in one muscle of the 
amputated foot of our patient is an un- 
expected finding and one which does not 
seem to have been noted previously in 
this condition, apart from the case re- 
ported by Achard and Thiers®* in which 
there was clinical hypertrophy of the 
left calf. 

Wolf, Rubinowitz, and Burchell*® gave 
an exhaustive review of the literature 
at that time and divided the cases into 
groups depending on the degree of ac- 
ceptability of the clinical and histologic 
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findings. They rejected a number of 
cases in which there had been no histo- 
logic studies and in which the clinical 
features were regarded as being atypical 
or ambiguous. Thus they did not accept 
the cases described by Nattrass’* and 
Dide and Courjon."' This seems to be a 
reasonable conclusion. However, while 
considering member III.3 of our family 
as being clinically acceptable, though 
with incomplete histologic studies, they 
reject the whole of the rest of the family 
described by Russell and Garland, in- 
cluding our original patient III.10, on 
the following grounds: 

“We are inclined to exclude this whole 
group .... Their outstanding features 

.. . are the marked deformities of the 
feet which were present in nearly all the 
cases, the kyphoscoliosis in a number of 
them, the evidence of dorsal column 
disturbances (ataxia), the nystagmus, 
the absent deep reflexes, and the pres- 
ence of Babinski responses (in II.3 and 
III.10) as evidence of pyramidal tract 
disease. These findings suggest a heredo- 
degenerative disease, probably Fried- 
reich’s ataxia, involving principally the 
dorsal columns and the pyramidal tracts 
of the neuraxis.” We have quoted this 
excerpt because it seems to us quite un- 
tenable. Of the features listed as suggest- 
ing Friedreich's ataxia, the only one 
which is not frequently found in hyper- 
trophic polyneuritis is the presence of 
extensor plantar responses. In our stud- 
ies, no case with extensor plantar re- 
sponses has been found. It was not pos- 
sible to elieit any response in case III.10, 
since the amyotrophy had become so 
severe that no movement of the toe was 
possible. In rejecting the majority of the 
members of Russell and Garland’s family, 
they also ignored the clinical evidence 
of neural hypertrophy. The histologic 
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examination of the peripheral nerves in 
patient III.10 has now confirmed the 
diagnosis made by Russell and Garland." 


INDIVIDUAL PROGNOSIS 


It is clear from a study of the reported 
cases that, although often progressing to 
severe disability, the typical familial 
disease is not of itself fatal. Patients die, 
often at an advanced age, from intercur- 
rent disease, and many are able to re- 
main quite active in spite of their dis- 
ability. It will be seen that, although 
IV.3 and IV.4 are affected to a consider- 
able degree, they are still living useful 
lives and even III.3 who was very badly 
affected in 1930 is still not totally dis- 
abled. 


FAMILY PROGNOSIS 


This is fairly severe. With a dominant 
mode of inheritance, if there is no inter- 
marriage, half the children of an affected 
individual will themselves carry the re- 
sponsible gene. This proportion is rough- 
ly true for our family. Those members 
who have been affected have all had 
some definite abnormality in childhood, 
and so examination of an adult of 20 
years is likely to disclose whether he or 
she is bearing the responsible gene. It 
will be of interest to study the children 
V.5, V.6, and V.7. Their father (IV.7) 
is slightly but definitely affected and so 
far, at a very early age, none of his 
children is affected, apart from dubious 
thickening of one nerve in V.7. It is 
not certain whether there is any likeli- 
hood of the disease again becoming dis- 
abling in a branch of the family where 
the effects of the gene appear to be 
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diminishing. The subsequent history of 
the infant V.8, a normal child whose 
great-grandmother was affected and 
whose mother and maternal grandfather 
are apparently normal, will give further 
information on the genetic aspects of 
the disease. 


TREATMENT 


No treatment is known to arrest this 
condition, and all that can be done is 
to provide adequate orthopedic super- 
vision to correct deformities as far as 
possible and to enable the patient to 
make the best use of his remaining mus- 
cular power. We are anxious to discover 
whether the bilateral amputations ad- 
vised in the patient III.10 are of perma- 
nent value to the patient, apart from the 
obvious immediate benefit of parting 
with two severely and chronically ulcer- 
ated feet. The absence of significant sen- 
sory loss made it worth a trial of artificial 
limbs, though obviously in patients with 
much sensory impairment in the lower 
limbs, prostheses would only be likely to 
result in ulceration of the amputation 
stumps. 


SUMMARY 

This paper provides further informa- 
tion about the family affected with pro- 
gressive hypertrophic polyneuritis which 
was reported in 1930 by Russell and Gar- 
land. 

It has been possible to trace the in- 
heritance of the condition through five 
generations. 

The natural history of the disease is 
discussed together with the prognosis 
for the individual and for the family. 


Osmond Clarke for permission to report the 


propositus in this family. Our thanks are also due to Professor Dorothy Russell for the patho- 
logic report, and to her and Sir Russell Brain for helpful criticism. We are grateful to MM. Mas- 
sons et Cie, Paris, publishers of Comptes Rendus de la Société de Biologie, for permission to 
reproduce figure 3 from the original paper of Dejerine and Sottas. 
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@ The office of the lateral columns of the spinal cord is not so clearly made 


out as that of the posterior and anterior columns. 


In the cervical region, for 


a short distance below the point at which the anterior pyramids of the medulla 
oblongata intercross, the lateral columns of the spinal cord have certainly very 
much to do in transmitting the orders of the will to the muscles; for, as has 
just been seen incidentally, the muscles behind the section on the same side 
of the body are paralyzed by cutting one of them across. In the lower part of 
the cervical region, and in the dorsal and lumbar regions, it is very different, 
and the difference is not very clearly determined. Here some trifling paralysis 
may be produced by dividing these columns transversely, but never more 


than this. 


C. B. Radcliffe in On Diseases of the Spine and of the Nerves, 


published in 1871. 
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CASE REPORT 


Erythrocytosis Associated with Cerebellar 


Hemangioblastoma 


Bernard Blumberg, M.D. and Ralph M. Myerson, M.D. 


In 1943 Carpenter and his associates! re- 
ported two cases of “polycythemia vera” 
associated with hemangioblastomas of the 
cerebellum. In a recent review of the 
American literature since 1943, Ward, Foltz, 
and Knopp? found record of 22 similar cases 
and reported two of their own. They point- 
ed out that the term erythrocytosis is more 
appropriate than polycythemia vera, since 
only the red blood cell series is affected. 

In the following case, blood volume de- 
terminations, blood gas analyses, pulmonary 
function studies, and therapy with radio- 
active phosphorus (P32) were carried out, 
in addition to routine hematologic studies, 
in an attempt to yield a clue to the rela- 
tionship of erythrocytosis to the patient's 
cerebellar hemangioblastoma. 

REPORT OF A CASE 

A 40 year old Negro was admitted to an- 
other hospital in 1949 because of headache, 
diplopia, and ataxia of three months’ duration. 
The family history and past medical history 
were not remarkable. There was no past his- 
tory of cardiac or pulmonary disease. Physical 
examination at that time revealed a well de- 
veloped and nourished middle-aged Negro who 
was semistuporous. Bilateral papilledema was 
present and there were marked cerebellar signs 
bilaterally. The remainder of the examination 
was within normal limits. Hematologic data 
are shown in table 1. Urinalysis, serologic test 
for syphilis, and roentgenograms of the skull, 
sinuses, and chest were within normal limits. 
A ventriculogram revealed internal hydrocepha- 
lus. A  suboccipital craniotomy disclosed “a 
large plexus of dilated veins covering the left 
cerebellar hemisphere and extending into and 


obstructing the fourth ventricle.” No tissue was 
removed. The bone flap was not replaced. The 
postoperative diagnosis was telangiectatic cyst 
in the midline cerebellar fossa. 

The — improved postoperatively, but 
was readmitted to the hospital in 1951 because 
of swelling and tenderness over the operative 
site. Physical examination revealed a tense fluc- 
tuant area in the occipital region. There was 
no evidence of increased intracranial pressure. 
Cerebellar signs were present on the Rete side. 
An elevated hemoglobin, hematocrit, and red 
blood cell count were present (table 1). The 
posterior fossa was re-explored and tumor tissue 
was encountered protruding through the dura. 
It was firm, markedly vascular, and infiltrated 
the entire left cerebellar hemisphere. It was 
deemed inoperable. A biopsy specimen was 
interperted as hemangioblastoma. Postopera- 
tively the patient received a total of 1200 r to 
the occipital region. 

The patient was admitted to the Veterans 
Administration Hospital, Philadelphia, in Au- 
gust 1955. During the preceding four years 
cerebellar signs had persisted. Examination re- 
vealed marked cerebellar dysfunction, especially 
on the left side. There was no evidence of in- 
creased intracranial pressure. A large fluctuant 
protuberance was present in the occipital re- 
gion, the site of the previous craniotomies. The 
remainder of the physical examination was 
within normal limits. Hematologic studies are 
shown in table 1. A marked erythrocytosis was 
present. The white blood cell count was low 
and there was a preponderance of lymphocytes 
in the differential. There was a tendency 
toward thrombocytopenia. Bone marrow aspi- - 
ration revealed erythroid hyperplasia. The retic- 
ulocyte count was 1.4 per cent. The red blood 
cell volume (Evans blue method) was 5,820 


From the medical service, Veterans Administration Hospital, Philadelphia, Pennsylvania. 
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TABLE 1 


CLINICAL AND HEMATOLOGIC DATA IN PATIENT WITH 


ERYTHROCYTOSIS ASSOCIATED WITH CEREBELLAR 
HEMANGIOBLASTOMA 


Mar 27 4,7490000 20,000 
dul 30) 17 5400| |45|55 
Sen! 2 79 | 6739000 8/00 |1 | 
| 10} 1,300 & \i2\7 
22| 20+) 3000|4\ 26 4 
20+ | 82 | 3570000 | 111,000 | 3500|4| 34 
| 26 500 cc. Blood removed 
9 250 cc. Blood removed 
Sep} 16| 20+ | 78 | 7409000 | 164,000 | 7,100 |4| 36 | 56| 4 
20 500 cc. Blood removed 
23 550 cc Blood removed 
26| 20+ | 70 | 6.859000 | __| 4000 56| 4 
27 5 Microcuries orally 
5| 20+ | 66 234,000| 4700|1|44|50|5 
Oct 12| 196 | 68 168,000 | 5,600 38 \|60\2 
2/| 20+ | 68 130,000 | 4,000 36 |60\4 
Nov. 18| 184 | 69 68,000 | 4000|4|43| 52/7 
Dec 2t | 7410000 | 138000 | 3400|3| 46 | 50| 
3] 19 | 67] 69090000| 90000 | 3400 40|57|3 
24| 175 | 63 990,000 | 4700|/| 46 | 50| 3 
Feb 20| | 62 120,000 | 4600|2| 27 | 66|4 
Mor. 22| 6.399000 | 106,000 | 2800| | 27 |69|4 
| 63 150,000 | 4700 |2| 47 | 5/ 
ser| 15| 175 | 62 62000 | 3100 |7| 60| 33 


ml. (theoretic normal, 2,766 ml.). The total 
blood volume was 7,760 ml. (anticipated nor- 
mal, 5,566 ml.). Pulmonary ventilatory studies, 
as measured by the total and three-second vital 
capacities and the maximum breathing capacity, 
were within normal limits. There was a normal 
respiratory response to the inhalation of 5 per 
cent carbon dioxide. The resting and exercise 
dioxide values were normal. 
The resting arterial oxygen saturation was 92.8 
per cent (low normal), after exercise 93.6 per 
cent, and after breathing 100 per cent oxygen 


arterial carbon 


for 20 minutes it was 99.91 per cent. 


Following phlebotomies totaling 2,300 cc., 
the red blood cell count decreased to 6,850,000 
per cu.mm. and the hematocrit was 70 per 
cent. On September 27, 1955 the patient was 
given 5 microcuries of radioactive phosphorus 
Serial blood counts thereafter 
disclosed a slight decrease in 
monary function studies remained within - 


(P33) orally. 
(table 1). Arterial oxygen saturation an 


mal limits. 


CASE REPORT 


In April 1956 the patient began a rapid 
downhill course, became lethargic and coma- 
tose, and expired on April 27, 1956. Permission 
for autopsy was not obtained. 

DISCUSSION 

Cerebellar hemangioblastomas or angio- 
reticulomas are rare, comprising about 2 per 
cent of intracranial tumors." They have 
been classified as solid or cystic in type. 
Less than 20 per cent have been associated 
with erythrocytosis and this tendency has 


‘been noted only with the solid type of tu- 


mor.®.7 In some of the reported cases there 
has been improvement following removal 
of the tumor.*—® 

The case presented supports the view 
that the blood changes are those of erythro- 
cytosis rather than polycythemia vera. Bone 
marrow studies revealed hyperplasia of 
erythrocytic elements alone and peripheral 
leukopenia and thrombocytopenia were 
present. The relatively normal arterial oxy- 
gen saturations at rest and after exercise 
and the normal pulmonary function studies 
are strong evidence that the erythrocytosis 
is not secondary to anoxia.!9-11 

There have been several theories concern- 
ing the relationship between erythrocytosis 
and cerebellar hemangioblastoma. One pos- 
tulates injury to a specific erythropoietic 
center in the diencephalon. The injection of 
silicaceous earth into the diencephalon of 
rabbits has produced polycythemia.!2 Poly- 
cythemia has been observed in patients with 
dysfunction of the hypophyseal-hypothalam- 
ic system, and it has been suggested that 
the hydrocephalus produced by the poste- 
rior fossa tumor produces hypothalamic dys- 
function by pressure. This theory does 
not explain satisfactorily why the solid cere- 
bellar hemangioblastoma is more likely to 
produce erythrocytosis than the cystic type 
or any other intracranial lesion resulting in 
internal hydrocephalus. 

Depression of the respiratory center by 
pressure of the slowly growing. tumor, lead- 
ing to hypoxia and secondary polycythemia, 
has been postulated. Holmes, Kredel, and 
Hanna! reported a case of cerebellar hem- 
angioblastoma with a respiratory rate of 
10 per minute, arterial oxygen saturation 
of 84 per cent, and polycythemia. The oxy- 
gen saturation was low normal in the re- 
ported case and normal in the patients of 
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Ward and his associates.2_ The normal re- 
sponse to the inhalation of 5 per cent car- 
bon dioxide is further evidence against in- 
jury to the respiratory center." 

A third theory proposes the formation of 
erythroid elements by the tumor itself. 
Cramer and Kinsey? grew an explant of a 
cerebellar hemangioblastoma saw nu- 
merous red blood cells suggesting erythro- 
poietic activity. The erythroid hyperplasia 
of the marrow noted in the reported patient 
and in others suggests that the marrow is 
the site of increased erythropoiesis. There 
has been no evidence of any other site of 
extramedullary hematopoiesis. 

It has been postulated that some cere- 
bellar hemangioblastomas elaborate a sub- 
stance capable of stimulating erythropoi- 
esis.2. There is evidence of a humoral con- 
trol of red blood cell formation in ani- 
mals.'°-!* The slight decrease in erythro- 
cytosis of the reported patient following 
administration of P32 suggests the possibil- 
ity of opposition to a marrow stimulant by 
the radioactive phosphorus. 

Further observations in patients who have 
erythrocytosis associated with cerebellar 


REFERENCES 


1. Carpenter, G., Scowartz, H., and Wacker, A. 
E.: Neurogenic polycythemia. Ann. Int. Med. 
19:470, 1943. 

2. Warp, A. A., Jn., Fortz, E. L., and Knopp, L. 
M.: “Polycythemia” associated with cerebellar 
hemangioblastoma. J. Neurosurg. 13:248, 1956. 

3. Cusminc, H.: Intracranial Tumors: Notes Upon a 
Series of Two Thousand Verified Cases with Sur- 
gical-Mortality Percentages Pertaining Thereto. 
Springfield, Illinois, Charles C Thomas, 1932. 

4. Cusninc, H., and Bamey, P.: Tumors Arising 
from the Blood Vessels of the Brain; Angiomatous 
Malformations and Hemangioblastomas. Spring- 
field, Illinois, Charles C Thomas, 1928. 

. Orrvecrona, H.: The bell gioreti 

J. Neurosurg. 9:317, 1952. 

Su.ver, M. L., and Hennicar, G. R.: Cerebellar 

hemangioma (h gioblast ; a clinicopatho- 

logical review of 40 cases. J. Neurosurg. 9:484, 

1952. 

7. Cramer, F., and Kinsey, W. H.: The cerebellar 
hemangioblastomas; review of 53 cases, with spe- 
cial reference to cerebellar cysts and the associa- 
tion of polycythemia. Arch. Neurol. & Psychiat. 
67:237, 1952. 


8. Wacker, A. E.: Neurogenic polycythemia; report 
of a case. Arch. Neurol. & Psychiat. 53:251, 1945. 
9. Wootsey, R. D.: Hemangioblastoma of cerebel- 


lum with polycythemia; a case report. J. Neuro- 
surg. 8:447, 1951. 


hemangioblastomas are necessary. Possibly, 
experimental studies will substantiate the 
theory that an erythropoietic substance is 
secreted by this tumor. 


SUMMARY 


A case of cerebellar hemangioblastoma 
associated with an increase in erythropoietic 
activity has been presented. The term eryth- 
rocytosis seems more appropriate than poly- 
cythemia vera, since only the red blood 
cell series is involved. 
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roid hyperplasia. Relatively normal arterial 
oxygen saturations at rest and after exercise 
and normal pulmonary function studies are 
evidence against a secondary polycythemia 
produced by anoxia. 

A normal response to the inhalation of 5 
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CASE 


REPORT 


Transient Cerebellar Syndrome from 


Extracerebral Carcinoma 


Thomas L. Auth, M.D. and Paul Chodoff, M.D. 


ANY PROGRESSIVE NEUROLOGIC DISORDER 
found in a patient with carcinoma is usually 
thought to be due to a metastatic lesion in 
the nervous system, developing as a pre- 
terminal event and contraindicating any 
therapeutic surgical attack on the primary 
carcinoma. Prior reports suggest that this 
type of cerebellar ataxia is a progressive 
lesion that continues until death of the pa- 
tient, the longest survival reported being 
two and one-half years.1 

The neurologic literature contains scat- 
tered but well documented reports of cases 
with neurologic syndromes occurring in pa- 
tients with carcinoma without metastasis to 
the nervous system. These syndromes in- 
clude peripheral neuropathy with both mo- 
tor and sensory features,?-*? pyramidal tract 
syndromes,*:® ‘and cerebellar ataxia with 
subacute onset.*-*.8 These may occur in iso- 
lated form or in combination.*.° Complete 
postmortem examinations in autopsied cases 
have failed to show any carcinomatous cells 
in the meninges, peripheral nerves, or cen- 
tral nervous system to account for the neu- 
rologic findings. 

The pathologic features?* in the cerebel- 
lum consist of widespread degeneration and 
even complete loss of Purkinje cells. In 
some instances there is a lymphocytic infil- 
tration of the meninges around the cerebel- 
lum. Demyelination in the posterior col- 
umns, the lateral columns, and the posterior 
roots of the spinal cord has also been noted. 


One group® cautioned against accepting the 
Purkinje cell changes as significant because 
changes in these cells are frequent with 
aging alone. The changes in the granular 
cell layer reported’? are believed to be post- 
mortem changes. 

Etiologically the cause of the changes in 
the cerebellum and other parts of the nerv- 
ous system is unknown. Denny-Brown’™ 
noted the resemblance of pantothenic acid 
and vitamin deficiency in animals to the de- 
generation of the dorsal root ganglion cells 
seen in two cases of bronchogenic carcino- 
ma. Brain, Daniel, and Greenfield* dis- 
cussed the widespread Purkinje cell destruc- 
tion subsequent to intracerebral injection of 
eosinophils which are sometimes elevated in 
patients with carcinoma. 

We recently encountered a patient with 
cerebellar ataxia who was found to harbor 
concurrently a carcinomatous lesion. The 
case appears worthy of report because ot 
the paucity of reports!!.1* of this condition 
in the American literature and because of 
some features which distinguish it from 
those already reported. 


CASE REPORT 


A 56 year old white male letter carrier was 
admitted to the Veterans Administration Hos- 
pital, Washington, D.C. on December 9, 1955 
with a history of fatigue, generalized weakness, 
low back pain, and aches in arms and legs 
beginning about three weeks before admission. 
One week prior to admission he awoke and fell 


From the neurology section, Veterans Administration Hospital, Washington, D.C. 


, and the depart- 


ments of neurology, Georgetown and George Washington University Schools of Medicine, 


Washington, D.C. 
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down attempting to walk; his legs felt very 
weak at the time and he was able to ambulate 
only with assistance. There was pronounced 
pain down the lateral aspect of both legs at 
the time. There was no history of acute or 
chronic alcoholism. He had not received any 
medication. There was no family history of any 
gait disorder. System review was negative ex- 
cept for gastrointestinal complaints. Over a 
six-month period prior to admission he had two 
episodes i sine lasting for five-day pe- 
riods. About two weeks prior to admission he 
had one episode of gross blood in the stool 
which he attributed to hemorrhoids. General 
physical examination was within normal limits. 

Laboratory data. Stool examination was ini- 
tially negative for occult blood, but positive for 
occult blood on repeated examination. The first 
barium enema examination showed no obstruc- 
tion or gross abnormality. Spinal fluid exam- 
ination showed an initial pressure of 220 mm. 
of water; no cell count was done; protein was 
24 mg. per cent, sugar 80 mg. per cent, and 
gold curve 0000000000. Repeat lumbar punc- 
ture showed an initial pressure of 140 mm. of 
water; 1 white blood cell; protein 65 mg. per 
cent; sugar 88 mg. per cent; and serology 
negative. 

Neurologic consultation was obtained on De- 
cember 15. The patient was alert. Romberg 
response was absent. Gait was broad-based and 
very unsteady, with compass turning. Prepatel- 
lar reflexes were practically absent bilaterally, 
while ankle jerks were brisk with unsustained 
clonus on the right. Both plantar responses 
were downward. Deep tendon reflexes in the 
arms were present and equal and the abdominal 
reflexes were fast bilaterally. Cranial nerve ex- 
amination showed no defects. Nystagmus was 
absent and speech was uninvolved. The sensory 
system was intact. Coordination tests showed 
definite intention tremor on finger-to-nose test 
bilaterally, a little more prominent on the left. 
Ataxia was present on heel-to-shin movement 
bilaterally. Repeat barium enema showed a 
cauliflower deformity of the transverse colon. 

Course. Ten days after admission it was 
noted that there was a lessening in intensity of 
cerebellar signs. On December 28 a seg- 
mental transverse colectomy was done. A mi- 
croscopic report stated that the removed tumor 
was adenocarcinoma. He recovered unevent- 
fully from the operation, and by early January 
1956 he was noted to have only a slight 
amount of ataxia on heel-to-shin test bilater- 
ally. In early February 1956 it was noted that 
his prepatellar reflexes had returned and were 
now fast in response. The other findings re- 
mained essentially unchanged. A pneumoen- 
cephalogram was done which did not show any 


Fic. 1. Fourth ventricle outlined with air. No 
significant dilatation is evident. 


significant enlargement of the fourth ventricle. 
The cerebellar folia were not outlined (figure 
1). Spinal fluid examination at that time showed 
eight leukocytes, protein 37 mg. per cent, serol- 
ogy negative, and gold curve 0000000000. The 
patient's gait is now normal, he turns readily, 
and there are no cerebellar signs in the arms. 
A slight ataxia is present on heel-to-shin test. 
He has steady, dull, low backache with no ra- 
diation. X-rays and examination of the back 
are within normal limits. Follow-up examina- 
tion in September 1956 showed no trace of 
ataxia and no other neurologic findings. He 
has gained 15 pounds of weight and continues 
to complain of some low backache. Roentgeno- 
grams of the lumbosacral vertebrae continue 
to show no abnormality. 


DISCUSSION 


The patient had a subacute onset of 
ataxia of similar tempo to that reported by 
Brain* and Downie.’ This is the first case 
encountered in which the carcinoma in- 
volved was located in the colon. Previous 
reports incriminate carcinoma of the bron- 
chi and ovary in most instances, with the 
uterus, mammary gland, and pancreas 
named in other instances.* 

Spontaneous improvement in gait and co- 
ordination occurred in this case prior to op- 
erative removal of the colon carcinoma. 
This improvement occurred while the pa- 
tient was hospitalized but he was not on 
definitive therapy. The elevated spinal fluid 
protein returned to normal, lagging behind 
the clinical improvement. The improvement 
in gait continued through the postoperative 
period. In Downie’s case report* of Sir 
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Russell Brain’s patient, there was also noted 
some slight spontaneous improvement in 
subjective vertigo, but no substantial change 
in ataxia occurred during the period of ob- 
servation. Turner’s patient® showed some 
improvement in the motor and sensory neu- 
ropathy while on vitamin B, complex ther- 
apy, but ataxia was said to continue un- 
changed. Henson and co-workers* noted 
spontaneous remissions were common among 
patients with polyneuropathy associated 
with carcinoma. This occurred even when 
the primary lesion was untreatable. No im- 
provement in cerebellar ataxia was noted 
among patients so involved. That lesions 
may be reversible is indicated by the re- 
turn of previously depressed prepatellar re- 
flexes to normal in this case. It is probable 
that improvement in an associated demy- 
elinizing lesion in the posterior column in 
the lumbar region of the spinal cord was 
responsible for the return of the prepatellar 
reflexes. Crampy pains in the arms and 
legs, complained of by the patients report- 
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CASE REPORT 


ed by Brain and co-workers,* were also 
thought to be related to the spinal cord 
changes seen at post mortem. Our patient 
had extremity discomfort from the begin- 
ning, especially during the first two weeks 
of illness. Low backache became promi- 
nent with the onset of ataxia. He has con- 
tinued to complain of dull, low thoracic 
aches which have no radicular quality and 
are transiently relieved by heat and mas- 
sage. 

SUMMARY 


This case and the previously reported 
data® would suggest that extraneural carci- 
noma without central nervous system meta- 
static lesions may present with neurologic 
symptoms and should be included in the 
differential diagnosis of every patient with 
the subacute onset of cerebellar ataxia. The 
utility of this is indicated in the present 
case in which the presence of a cerebellar 
syndrome without toxic or familial factors 
suggested a search for a possible extra- 
cranial malignancy, which was then found. 
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@ Myelitis, or inflammation affecting the substance without involving the 
membranes of the cord, is a well-defined and not very uncommon disease. 
It may occur in an acute or in a chronic form: it may be general or partial: 
and, to say the least, its features are quite as well marked and distinctive 


as those of spinal meningitis. 


C. B. Radcliffe in On Diseases of the Spine and of the Nerves, 


published in 1871. 
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Zoxazolamine* 


@ 


“Of ten patients [with cerebral palsy] who received zoxa- 
zolamine (Flexin) for a one-month period, small but signifi- 
cant improvements in tests of motor function were observed 
in six patients and some degree of improvement was 
apparent in one.” 


“All of the five patients with multiple sclerosis showed 
measurable diminution of painful spasticity after one to 


three weeks of therapy, with a dosage of 500 mg. t.i.d.”? 


References (1) Millichap, J. G., and Hadra, R.: Neurology 
6:843, 1956. (2) Settel, E.: Am. Pract. & Digest Treat. 8:443, 1957. 


How Supplied Toblets, Enteric Coated, pink, 250 mg.; bottles 
of 36. Tablets, scored, yellow, 250 mg.; bottles of 50. 


*U.S. Patent Pending 


Laboratories, Inc. 
Philadelphia 32, Pa. 
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Acetazolamide Lederle 


NON-MERCURIAL DIURETIC 


Freedom from epileptic seizures has been 
previously observed in a significant num- 
ber of cases of grand and petit mal fol- 
lowing treatment with DIAMOx.? 


In a recent report, Golla and Hodge? credit 
DIAMOX with an unusually beneficial effect 
on resistant cases of petit mal. DIAMOX was 
administered daily to 78 patients whose 
attacks, poorly controlled by standard rem- 
edies, ranged from one to 100 a day. The 
day after initiating treatment 34 of the 78 
patients were free of seizures, 33 suffered 
no seizures during the first month, and the 
number of attacks was reduced to one or 


two a month in the remaining patients. 
Only two patients failed to respond to treat- 
ment. Improvement was maintained during 
the second month of treatment. Increasing 
the dosage led to further improvement. 


A highly versatile drug, DIAMOx has also 
proved singularly useful in other condi- 
tions, including cardiac edema, acute glau- 
coma, obesity, premenstrual tension. tox- 
emias and edema of pregnancy. DIAMOXx is 
well tolerated orally and even when given 
in large dosage side effects are rare. 


Supplied: Scored tablets of 250 mg. (Also 
in ampuls of 500 mg. for parenteral use.) 


References: 1. Bergstrom, W. K.; Garzoli, R. F.; Lombrosos, C.; Davidson, D. T., and Wallace, W. M.: Am. J. Dis. Child, 
84:771 (Dec.) 1952. 2. Golla, F. and Hodge, R. S.: Letters to the Editor, Lancet 1:304 (Feb. 25) 1956. 


t Lederie ) LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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This is a normal myelogram in which Panto- 
paque Contrast Medium outlines the lower 
lumbar subarachnoid space and the sacral 


cul-de-sac. It is an anteroposterior radiograph 
made with the spot-film device after tilting 
the patient to the semierect position on the 
fluoroscopic table. This is to be compared 
with the myelogram at the right showing 
herniation of the fifth lumbar intervertebral 
disk, 


The left lateral aspect of the Pantopaque col- 
umn in the subarachnoid space is smoothly 
indented at the level of the fifth lumbar-first 
sacral intervertebral space. The left nerve 
root is not filled, while the right sheath is 
well visualized, 


“PANTOPAQUE” is the registered trademark under which all leading 
x-ray dealers supply the compound ethyl iodophenylundecylate, which is 
synthesized by the Research Laboratories of Eastman Kodak Company 
and prepared as the myelographic contrast medium lodophenylate Injec- 
tion, U.S.P., by Lafayette Pharmacal Company. The trademark serves’ to 
indicate to the radiologist continuity of experience in the manufacture of 


18A 


—— | 
this medium. 
¥ 


Augustus S. Rose, Vice-President MAY 1957 


133 Added to AAN During January, February, and March 1957, 
Membership 133 additional physicians and scientists 
accepted invitations to AAN membership. These 
new members (all categories) are: Joseph L. Abramson, Lucretia 
B. Allen, Orlando J. Andy, Robert W. Angel, Shukuro Araki, 
David J. Arbuse, Arthur Arnold, Emik A. Avakian, James B. Ayer, 
Theodore McBride Badgley, Kevin Delgado Barron, John B. Bartram, 
J. V. Basmajian, Mary Corner Berkley, Arthur D. Berman, Donald 
S. Bickers, Arthur S. Biddle, Joseph R. Blalock, Benjamin 
Blassingille, Charles D. Bloomquist, G. E. Bonecutter, R. J. 
Brocker, Theodore M. Brody, W. A. Brooksby, Max A. Bruck, John M. 
Bruhn, Robert Main Burton, Pedro C. Caram, Miriam N. Carmichael, 
Robert J. Cassidy, Daniel J. Cavanaugh, Anthony Cerskus, Loring 
F. Chapman, Jacob L. Chason, Graham Chen, Stanley Cobb, Winston 
Cochran, Peter Cohen, Robert E. Cook, V. J. Covalesky, George P. 
Crump, Sir Henry H. Dale, Donald B. Douglas, Jack Dunn, Jr., 
Armando Ferraro, H. F. Flanigin, Ernest J. Fogel, Alexander 
Forbes, Max Friedemann, Adeline B. Gauger, R. W. Gerard, Larry 
A. Gladstone, Hyman Goldstein, Wistar L. Graham, Marvin E. 
Grice, Harris M. Hauser, Elmer Haynes, Helen H. Hess, Walter 
Hess, Prof. W. R. Hess, Ladislav P. Hinterbuchner, Asac Hirano, 
Frederick A. Horner, George S. Johnson, Paul B. Jossmann, 
Hudsen Jost, Samuel C. Kaim, Maurice L. Kamins, Mavis A. Kaufman, 
Wm. R. Kinkel, Harold Koenig, W. G. Kubicek, Henn Kutt, Raymond 
Lafontaine, Henry Leffman, Helio Lemmi, Donald M. Levy, Edward 
Lewin, Leopold Liss, Ray W. Mackey, Robert A. McCleary, Wm. H. 
McCullagh, John F. McGowan, Russell R. Monroe, Benjamin F. 
Morton, W. D. Neff, Dewey A. Nelson, Max K. Newman, E. W. Niles, 
Joseph Louis O'Brien, H. B. O'Neil, Adam Opalski, Julio C. Ortex de 
Zarate, Thomas C. Parsons, J. Winthrop Peabody, Wilder Penfield, 
Harry H. Pennes, James Kiffin Penry, M. G. Peterman, Irving Pine, 
Max Pollack, H. Tharp Posey, Theodore Rasmussen, Eugene Revitch, 
Harry N. Roback, Eli Robins, Franklin Robinson, Louis J. Rosner, 
Sirun Sarafoglu, Ralph Schaffarzick, George E. Scott, W. A. 
Seele, Roy Clifton Selby, Paul H. Settlage, Phil S. Shurrager, 
Charles W. Simpson, Wilbur K. Smith, Jess Spirer, George H. 
Stevens, Janice Stevens, Donald B. Sweeney, Richard A. Taylor, 
Robert L. Tentles, H. E. Thelander, Maurice W. Van Allen, V. L. 
van Breeman, Henriette L. Wayne, A. B. Williamson, Jr., Nat J. 
Wilson, William P. Wilson, Melvin D. Yahr, M. Wharton Young.... 
Since the campaign for a larger and broader AAN membership began 


Walter O. Klingman, President 
Thomas W. Farmer, Secretary 
Joseph L. Whelan, Treasurer 


a year ago, 740 physicians and scientists have been added to the 
membership rolls.... Inquiries on AAN membership should be sent 
to Dr. Pearce Bailey, Chairman, AAN Membership Committee, 
National Institute of Neurological Diseases and Blindness, 
Bethesda 14, Md. 


New Diplomates At the spring examination of the American Board 
in Neurology of Psychiatry and Neurology held in New Orleans 
(March 18-19), 14 candidates were certified 
in neurology. The successful candidates are: William W. Ander- 
son, San Francisco; Betty Q. Banker, Boston; Harold Berris, 
Minneapolis; Charles Conrad Carter, Portland, Oregon; Harold 
Collings, Jr., Denver; William M. Landau, St. Louis; Harold 
Michael Manfredi, Cicero, Illinois (supplementary certification) ; 
Benjamin Matzilevich, Natick, Mass.; Jack M. Mosier, New Castle, 
Ind. ; James A. Reilly, New York City; 0. Rhett Talbert, Charles- 
ton, S. C.; Robert Douglas Teasdall, Baltimore; Henri M. Toupin, 
Jamaica Plain, Mass. ; and Adolfo Zier, New York City.... The 
next examination by the American Board of Psychiatry and Neurology 
will be given in New York City (December 16-17, 1957).... 
Inquiries and communications should be directed to David A. 
Boyd, Jr., Secretary-Treasurer, American Board of Psychiatry 
and Neurology, 102-110 Second Ave., S. W., Rochester, Minn. 


* * * * * * 


Social Events In the warm hospitable atmosphere for which 
at Brussels Congress the city of Brussels is renowned, a series 

of social events has been carefully planned 
for members of the First International Congress of Neurological 
Sciences (July 21-28).... Om Sunday (July 21) there will be the 
official reception for members of the Congress, as guests of the 
Belgian National Committee. Monday (July 22) is reserved for the 
formal opening of the exhibition "Vesalius and the History of 
Anatomy." On Tuesday (July 23) there will be a banquet for the 
international panel of consultants in multiple sclerosis. The 
official banquet (by subscription only) and dance for members of 
the Congress and their registered guests is scheduled for Thursday 
evening (July 25), and on Friday (July 26) there will be a musical 
festival for members of the Congress and their guests. A dinner 
(by invitation) for members of the American Academy of | 
Neurology and distinguished guests will be held Saturday evening 
(July 27).... Sunday (July 28) has been reserved for a trip to 
Louvain to do homage to the memory of Arthur Van Gehuchten (1861- 
1914), whose work on the structure of nerve cells, with his 
formulation of the theory of dynamic polarization, helped to 
establish the neuron doctrine. Tickets may be obtained from the 
Secretariat of the Congress in Brussels, which also entitles 
the participants to attend the festivities organized for that 
day, including a reception by the "Rector Magnificus” of the 
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University of Louvain and the Dean of the Faculty of Medicine. A 
specially guided visit to the town monuments and a tea at the 
Chateau d‘Arenberg has been arranged for the ladies. 


Vienna Neurological Institute Following the Brussels Congress, 
to Celebrate 75th Anniversary the Neurological Institute (the 

first of its kind) of the University 
of Vienna will celebrate its 75th anniversary on July 31, 
observing its creation by Heinrich Obersteiner in 1892. In the 
morning, participants and guests will be welcomed by the Institute 
Director, Hans Hoff, followed by addresses from the Ministry of 
Education and representatives of the Academic Senate and the 
Academy of Sciences. These sessions will be followed by anni- 
versary speeches by Leopold Schonbauer on the "History and Per- 
sonality of the Neurological Institute of Vienna,* by Ludo van 
Bogaert on the "Significance of the Obersteiner Institute for the 
Development of Cerebral Research," and by Hans Hoff on the 
Neurological Institute as it functions today, in the light of its 
experiences, projects, and aims.... The celebration includes 
visits to different parts of the Institute and demonstrations 
of their current activities.... Communications should be 
sent to Herrn Doz. Dr. Franz Seitelberger, Wien IX, 
Schwarzspanierstrasse 17. 


Stresa Conference The Medical Society of Novara and the Italian 
on Vascular Disease Angiology Society organized a congress on 

cerebral and vascular coronary disease in 
Stresa (April 23-24). Included in the program were V. Chini 
(Bari), A. Lunedei (Florence), C. Fazio and C. Loeb (Genoa), V. A. 
Fasano and G. Broggi (Turin), F. Martelli and D. Cantone 
(Novara).... Prof. Francesco Martelli is president of the 
organzing committee. 


Canadian Neurological Society The ninth annual meeting of the 
to Hold Annual Meeting Canadian Neurological Society will 
be held at the University Hospital, 
University of Saskatchewan, Saskatoon (June 14-16). The scien- 
tific program includes symposia on encephalitis and cerebro- 
vascular occlusion. Guest speakers on the encephalitis 
Symposium will include H. W. Woltman, J. Olszewski, C. E. Van 
Rooyen, and George Dempster. The symposium on cerebrovascular 
occlusion will be chaired by Wilder Penfield, with Raymond 
Adams, Clark Millikan, and William Lougheed, participating. A 
session will be devoted to neurologic problems in general prac- 
tice.... Inquiries should be addressed to the Secretary- 
Treasurer, Dr. J. L. Silversides, Suite 321, Toronto Western 
Hospital, Toronto.... Allan A. Bailey, president of the society, 
is host for the 1957 meeting. 
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Bishop-O’Leary The first conference honoring the "bosses" 
Alumni Conference of the division of neurology at the Washington 
University School of Medicine was held in 
St. Louis, April 12. As reported by William M. Landau, assistant 
professor in this department, all the program participants had 
worked either with George Bishop or James L. O'Leary, going as 
far back as 1930. Included among them were Fred Morin, William 
Collins, Frederick Kerr, Edward Vastola, E. D. Gardiner, Ray S. 
Snider, William Coxe, Lawrence Cohen, and S. Howard Bartley.... 
The conference was opened by Henry G. Schwartz and terminated 
with the annual George H. Bishop lecture in experimental 
neurology, given by Stephen W. Kuffler on synaptic inhibition 
and dendrites. 


Perlstein to Conduct The Cook County Graduate School of Medicine 
Cerebral Palsy Clinics is offering an intensive clinical course 

on neuromuscular disease of children, with 
emphasis on cerebral palsy, to be conducted by Meyer A. Perlstein 
(July 8-19).... The course is designed for neurologists, 
pediatricians, orthopedists and other physicians desiring spe- 
cialized training in the clinical, treatment, and rehabilitation 
aspects of these disorders. The fee for the two-week course, 
which includes itinerant clinics, is $250. Included in the sub- 
scription is the cost of all luncheons, as well as of travel, 
meals, and accommodations during viists to field clinics.... 
Inquiires should be sent to John W. Neal, Registrar, Cook County 


Graduate School of Medicine, 707 South Wood Street, Chicago, 


Illinois. 
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BALDPATE, Ine. 


Geo. Fleetwood 2-2131 Georgetown, Mass. 


Located in the hills of Essex County, 30 miles north of Boston 
For the treatment of psychoneuroses, personality 
disorders, psychoses, alcoholism and drug addiction. 
Definitive psychotherapy, somatic therapies, pharmacotherapy, milieu-therapy 
under direction of trained occupational and recreational therapists. 
Harry C. Socomon, M.D. 


Georce M. ScHLomer, M.D. 
Consulting Psychiatrist Medical Director 


For Intestinal Dysfunction 


NUCARPON® 


Each tablet cont: Extract 
of Rhubarb. Senna, Precip 
Sulfur, Peppermi nt Oil, 
Fennel Oil in activated 
charcoal base 


For Solution 
ncen v 
WET DRESSING Use 


PRESTO-BORO® 
an num Sulfate and 
men m Acetate) 
POWDER IN ENVELOPES 
mmation rain 
ANETS- amma ions, prains 


and 


‘TRANSPULMIN® 
tor? table 
Dose At 


3% solution Quinine with 
1% Sor Intra- 
T 253 West 26th St., musculer 
STANDARD PHARMACEUTICAL CO NEW YORK 1, N.Y. 


For Pulmonary Conditions 
neuroses. 


FOUNDED 1879 


RING SANATORIUM 


Eight miles from Boston 


For the study, care and treatment of emotional, mental, personality and 
habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 

Full resident and associate staff. | Courtesy privileges to qualified physicians. 
BENJAMIN Srwon, M.D. 


CuHar_es E. Wuirte, M.D. 
Director 


Assistant Director 


Arlington Heights, Massachusetts Telephone MIssion 8-0081 
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Products and Sewices... 


The information below was supplied by 
the manufacturers 


TEMPOSIL-DRUG TO COMBAT ALCOHOLISM 

A new drug, Temposil, calcium carbomoni- 
trile made by Lederle Laboratories, Pearl River, 
New York, promises to punish the backsliding 
alcoholic more safely mh less disagreeably than 
other drugs now in use. According to Dr. J. 
K. W. Ferguson of Toronto who reports clin- 
ical trials with the drug, alcohol taken after a 
dose of Temposil produces “intense flushing of 
the face and neck and often of the whole body, 
accompanied by a rapid pulse, pounding heart, 
and panting respiration. At this stage acetalde- 
hyde can be tasted or smelled by the subject 
on his own breath. Nausea and vomiting some- 
times follow and in more severe reactions a 
precipitous fall in blood pressure may occur, 
particularly if the patient attempts to sit up or 
stand up. A severe reaction is a terrifying ex- 
perience, but the more dramatic symptoms 
usually subside in a few hours and the patient 
is usually none the worse after 24 hours.” 

Drugs based on disulfiram, now generally 
used for this pespore, develop unpleasant side 
effects, such as drowsiness, weakness, unpleas- 
ant taste, unpleasant breath, body odor, or im- 

tence, whether alcohol is taken or not. As 
ong as the patient abstains, however, he ex- 
periences relatively mild side effects from Tem- 
posil. No unpleasant side effects were experi- 
enced by 64 patients who took Temposil for 
four months, 23 had suffered the char- 
acteristic discomforts of disulfiram, Dr. R. G. 
Bell, medical director of the Bell Clinic at 
Willowdale, Ontario, reports. Because of the 
dramatic effects of drinking after either disul- 
firam or Temposil, “frivolous or unsupervised 
use of either drug must not be tolerated,” Dr. 
Ferguson warns. Since Temposil is less toxic 
than disulfiram, however, Dr. Bell concludes 
that “there is real hope that more patients will 
continue using the drug for the length of time 
considered important in launching a rehabili- 
tation program.” 


PSYCHIATRIST CALLS TRANQUILIZERS 
IMPORTANT DEVELOPMENT 

Dr. James G. Miller, University of Michigan 
professor of psychiatry, describes the tranquil- 
izers as “one of the most exciting and important 
kinds of development in medicine” and reminds 
that when the anesthetics first appeared there 
were those who, in effect, challenged the right 
of physicians to ease pain. Studies, he said, 
indicate, for example, that a normal dose of 
“Miltown” (meprobanate) has no effect on the 
skills required for safe driving, as determined 
by a battery of visual, perception, steadiness 
and driving tests. 


NEW BOOK! 


Zimmerman, Netsky & Davidoff 
Atlas of Tumors 


of the Nervous System 


By H. M. ZIMMERMAN, M.D. 
MARTIN G. NETSKY, M.D. 
LEO M. DAVIDOFF, M.D. 


Montefiore Hospital, New York, N.Y. 


With an average of more than one color 
plate per page, this authoritative atlas 
depicts both gross and microscopic fea- 
tures of all tumors of the brain, spinal 
cord and peripheral and sympathetic 
nervous systems. The extensive use of 
color enables all who use this book to 
compare their own specimens with the 
diagnostic illustrations. 


New. 191 Pages, 7” x 10”. 
277 Illustrations, 233 in Color. 
4 Tables. $25.00 


Merritt — Neurology 
By H. HOUSTON MERRITT, M.D. 
Columbia University, New York 
Dr. Merritt presents diseases of the nerv- 
ous system as an integral part of inter- 
nal medicine. Established methods of 
therapy are described in detail. Con- 
tains a complete bibliography and in- 
dex. “Excellent.”—Neurology. 
746 Pages. $12.50 
181 Illustrations and 128 Tables. 


LEA & FEBIGER 


Philadelphia 6, Pa. 
Please enter my order and send me the 
books listed in the margin below: 


Check enclosed Bill me 
Charge my account 
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complete integrated facilities for 


ELECTROMY OGRAPHY 


© SINGLE CHANNEL EMG with two-channel magnetic 


Mod tape recorder for recording notes 
1.37 | and EMG simultaneously. 


@ TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 
tials or of one potential together 
with a related physical param- 
eter such as force or pressure. 


Model TE 2-7 


® Automatic controls and new circuits provide simplified 
reliable operation without shielded rooms in most loca- 
tions. © EMG potentials faithfully reproduced by special 
reorder circuits. @ Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


80 Main St. 
White Plains 
CORPORATION New York 


TECA 


An Adlive Treatment Hospital 

A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 

A high ratio of staff to patients. 

Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 
outdoor activities. 

Each patient is under constant, daily psychiatric and medical 
supervision. 

Located one hour from New York on 120 acres of Connecticut 
countryside. 


HALL-BROOKE 


Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 


George S. Hughes, M.D. Robert Isenman, M.D. 

Leo H. Berman, M.D. John D. Marshall, Jr., M.D. 

Alfred Berl, M.D. Peter P. Barbara, Ph.D. 

Louis J. Micheels, M.D. Heide F. and Samuel Bernard, Administration 


New York Office: 46 East 73rd Street. LEhigh 5-5155 
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